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METHODS OF DYNAMO^ 
CONTROL 


T here are many methods of regulating the dynamo Toltage. 

A mechanical governor was used on some of the early types of 
dynamos, hut is now obsolete. 

The thixd-hiush method of operation is now very largely used and 
seryes to regulate the output at high speed. The theory and principle 
of the third-brush method of operation is explained later. 

Electromagnetic regulation has also heen used to provide constant 
current or constant voltage, and combined voltage and current regulation 
has also been adopted. 

Compensated voltage control is the latest development of all ivhere a 
plain shunt-wound dynamo is used with an electromagnetic regulator. 
The foregoing covers the main principles of dynamo regulation. 

Modifications of the Third-brush Machine 

There are further modifications, particularly on the thixd-hrush type of 
machine, where we have third-brush regulation associated with : 

(a) Thermostat 
control. 

(6) Manually con- 
trolled field 
resistance. 

(c) Lara p-1 0 ad 
control. 

[d) External vol- 
tage regula- 
tion. 


Dynamo Regulation 

The standard auto- 
mobile dynamo is 
shunt-wound, as illus- 
trated in Fig. 1. 

In certain cases compound windings are used, as illustrated in Fig. 2. 
If the shunt and series windings of the compound machine are wound in 
the same direction, they have the usual cumulative effect, and if wound in 

M.B.O. IV. 1 1 






Fi<j. 1. — Tub standard Fig. 2. — ,\rrroM:oBiXB 

SllUKT-VOUND AUTOStO- DV!TAIlIO WITH COM- 

TILE DYNAMO POTJJSiD WINDINGS 
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opposite directions they oppose each other, producing the well-known 
' ‘ differential ’ ’ effect. 

Dynamotors or motor generators incorporate a compound winding 
which consists of a series field winding and a shunt field winding, which 
are wound in opposite directions on the field poles. 

When used as a motor the two windings have the cumulative effect 
of magnetising the field poles, and when used as a dynamo they have the 
differential effect. 

Why the Dynatno Output must be Regulated 

The dynamo most used in practice is the shunt -wound machine where, 
as is known, the e.m.f. is dependent upon the number of lines of force cut 
by the armature conductors, the number of conductors and the speed at 
which the armature revolves, or the rate of speed at which the conductors 
cut the lines of force. An increase of d57iiamo speed will, therefore, pro- 
duce an increase of voltage and for this reason the plain shunt-wound 
machine used for car lighting would, at high engine speeds, develop such a 
voltage as would cause the lamps to burn out and too high a charging rate 
to he passed to the battery. 

Methods of Limiting Dynamo Output 

It is, therefore, essential to provide some means of preventing the 
dynamo increasing its output above a normal limit. To achieve this 
object various methods are available which can briefly be summarised as 
follows : 

(1) Regulation of the voltage by maintaining a constant 'voltage from 
the dynamo with a variable current. 

(2) Regulation of the current by maintaining a constant current with a 
variable voltage. 

(3) Regulation of both voltage and current. 

In considering the various methods it is as well to have these funda- 
mental issues well in mind. 

It will be appreciated that the number of magnetic lines of force and 
the speed at which they are cut by a given number of armature conductors 
governs both the voltage and the current, and conditions which affect one 
equally affect the other. In practice, however, certain types of machines 
are designed with means which decrease the lines of force in proportion to 
the voltage produced by the dynamo, and in other cases a decrease is 
obtained through the current produced by the dynamo , and in the third 
case both by current and voltage. 

DYNAMO REGULATION METHODS 

To maintain either a constant voltage or a constant current, or both, 
several methods are available, comprising : 
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1. Mechanical Hand Control 

In this case the operation is 
similar to that used with an in- 
dustrial shunt-wound dynamo, 
a shunt field resistance being 
manually operated in order to 
obtain constant -voltage output. 
This method is obriously not 
practicable for use on the 
motor-car. 

2. Mechanical Automatic 
Control 

Several forms of automatic 
•control have heen devised, 
operating upon the principle 
of a centrifugal governor clutch. 
Such methods are, however, 
now obsolete and need not, 
therefore, he described. 



3. — Showing the electromagnetic 

METHOD OP DYNAMO REGULATION 



Fig. i. — Showing comrined voetage 

CURRENT RBaUXATION IN A SINGLE ELECTRO - 
MAGNETIC 


3. Electromagnetic Method 


In this case a resistance is inserted 
in the shunt field circuit automatically by 
means of an electromagnetic device used 
exterior to the djmamo. A very con- 
siderable number of different designs of 
electro-magnetic controls have been 
developed. The basic principle of the 
method is illustrated in Tig. 3. This 
shows the dynamo with its shunt field 
(F), a resistance unit (r), and two contact 



Hg . 5 . — Showing electromagnet 

WITH A SHUNT WINDING AND 
DUAL CONTACTS 


points (a and b) securely held together by a spring (S) and electromagnet 
{R), The field circuit is from the dynamo positive terminal through the 


hinge (C), the contact-breaker points, the field coil to the dynamo nega- 


tive terminal. 


When the Dynamo Speed Increases 

As the dynamo speed increases the voltage will tend to rise. Since 
the electromagnet (^) is connected across the dynamo terminals, this 
rise of voltage will be sufficient to energise the core and cause the points 
(a and b) to separate. This automatically inserts in the field circuit 
the resistance unit (r). The resistance immediately causes the field to 
weaken and will reduce the voltage. 

This reduction of voltage will be applied to the electromagnet (-R), 
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which will ba weakened sufficiently to allow the spring to draw the points 
(a and b) together again. The resistance unit (r), now cut out of the 
circuit, permits the dynamo voltage again to increase, thus energising the 
resistance unit (r), opening the contact points (a and b), again inserting 
the resistance unit (r) , which will once more reduce the voltage output. 

A Similarity to the Tirrill Regulator Principle 

This rapid sequence of operations causes the controller contact 
breaker points to vibrate ; in short, the principle is generally similar to 
the Tirrill regulating principle, which is considerably used in service on 
large industrial applications. 

Yoltage-regulation Control — 

The factor which determines the opening of the points (a and b) is 
the dynamo voltage. The regulator is usually set to operate at 15-16 
volts in the case of a 12-volt system and 7^8 volts with a 6-volt system. 
Adjustments can he obtained hy altering the tension of the spring (/?). 
When the tension of this spring is increased, the dynamo voltage is 
raised, and vice versa. 

When the car speed is less than the cutting-in speed, say 8-10 miles 
per hour, the voltage of the dynamo will be less than the battery voltage 
and the electromagnet will be insufficiently strong to hold the points 
(a and b) apart. At this point the cut-out will have opened, the dynamo 
will have been disconnected from the battery, and the ignition and any 
lighting load will have been supplied by the battery direct. 

Since the operating conditions in the foregoing example are governed 
entirely by the dynamo voltage, this method of control is voltage regula- 
tion. 

— and Current-regulation Control 

It will obviously be possible to use the same basic principle to cover 
current regulation. In this case the shunt winding on the electromagnet 
is replaced by a series winding, so that all the charging current to the 
battery will flow through the electromagnet. 

The operation will be similar to the voltage regulator previously 
described, the characteristic of the system, however, being to keep the 
charging current constant independent of the state of the battery, the 
regulator being designed to operate on a given load. With such a system 
the removal of the battery would immediately put the regulator out of 
action, and if the dynamo were driven at a high speed with the battery 
removed from the car its voltage would increase to an extent sufficient to 
burn out the field coil unless a field fuse is fitted. 

Combination of Current- and Voltage-regulation Control 

It is possible to combine voltage and current regulation in a single 
electromagnetic unit, as illustrated in Tig. 4. In this case the core of the 
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electromagnet has two windings, 
one shunted across the dynamo 
terminals and the other in series 
with the battery, both windings 
being in the same direction on the 
core. 

In the case of a 6-Yolt system, 
when the voltage of the dynamo 
reaches about 6 J volts the current 
passing through the shunt winding 
magnetises the core sufficiently to 
draw the blade of the cut-out 
against the spring tension, thus 
closing the cut-out points. The 
charging current then passes through the series winding and the cnt-out 
points to the battery. If the voltage or the current increases above 
normalj the re^lator contacts (on the. left of the core) are opened, in- 
serting the resistance in the field circuit, reducing the dynamo voltage 
in the same way as previously described. 

It will he observed that in this case the regulator and automatic cut- 
out axe incorporated in one unit. 

Since with this system the coil in series with the battery takes a part 
in the regulation, removal of the battery from the car may damage the 
dynamo unless the battery cables are joined together when the battery 
is removed. 


WITE A COMBINIBD VOLTAGE 
31EGJ-VLATOR 


COMPENSATED VOLTAGE- CONTROL SYSTEM 

A^ reference to Pig. 5 will show an electromagnet with a shunt 
winding and dual contacts. The operation will normally be as 
previously described, but an additional contact (c) is fitted which 
short-circuits the field entirely in the event of very fast speed 
which causes an exceptionally high voltage. 


Preventing Ex- 
ceptionally High 
Voltages 

Whene ver 
there is a tend- 
ency for an ex- 
ceptionally high 
voltage to be 
developed the 
strength of the 
magnetic core 
will be sufficient 



Fig . 7. — Showjdtg specially- lesigived eejothlatob 

This regulator does not incorporate an automatic cut-out and 
acts as an output regulator only. 
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to pull the contact blade right over, 
making contact between (n) and (o), thus 
short-circuiting the field, resulting in a 
collapse of the voltage which will cause 
the contact (b) to return immediatel 7 
to contact (a), the machine then building 
up its Yoltage again, the same sequence 
of operations being followed as already 
described. 

Fig. 6 shows the same arrangement, 
but with a combined voltage and current 
regulator where the additional contact 
is added. 

An Interesting Design of Regulator 

An interesting design of regulator 
is illustrated in Fig. 7. In this case 
the internal blade is provided with an 
electromagnet which, moves longitud- 
inally through the core. This regulator 
does not incorporate an automatic cut- 
out, and acts as an output regulator 
only. Contacts (u and b) are on the left and the compensating contact 
is on the right. 

In this case the total battery current is not taken through the regula- 
tor, a proportion only being taken through a shunt. The value of the 
shunt can be changed at will to obtain any required characteristic. If the 
shunt has a low resistance value in comparison with the series coil, a small 
amount of current will flow through the coil, and vice versa. 

The incorporation of the shunt makes it possible to remove a battery 
without fear of serious trouble. 

Useful Purpose of Series Coil 

The shunt coil is the main factor in determining the operation. The 
series coil protects the machine from overload if the battery is badly run 
down. 

Adjustment of this type to a regulator is obtained by varying the pres- 
sure of the spring and of the compensated contact. 

THIRD-BRUSH REGULATION 

The third -brush method of regulating the current output of car lighting 
dynamos has been very considerably used. Although to some extent 
superseded by the compensated voltage control dynamo , as described in 
the preceding paragraphs, there is a very considerable number of cars 
fitted with dynamos of the third -brush type. 



Fig, 8 . — Diagrajm of a typicax 

a?HIRD -BRUSH 
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The Principle of Third-brush Regulation 

The regulation of output in the case of a third -brush dynamo is based 
upon the armature reaction or field flux distortion. 

A typical third -brush dynamo is illustrated in Mg. 8. The d3mamo 
is fitted with positive and negative main brushes, but in addition a third 
brush is also fitted which, in the case of the dynnamo illustrated, is on the 
left of the main negative brush. This third brush becomes the negative 
terminal of the field system, the other end of the field being connected to 
the dynamo positive terminal through a field fuse. 

Under conditions of low-speed operation the armature current will be 
small. The field fiux will take an almost direct path from the north to the 
south field pole. The current-carrying conductors under this condition 
will be in the main those conductors which are situated between the main 
positive brush and the third brush. As speed increases the armature flux 
will he distorted in the direction of rotation and the effect of this distortion 
is to weaken the flux between the positive main brush and the third brush, 
this weakening of field density being accompanied hy a corresponding fall 
of voltage. 

Thus, the normal tendency for the increased armature speed to pro- 
duce increased voltage is compensated by the weakening of the field, 
which tends to decrease the voltage. 

In actual practice third-brush dynamos are designed so that at low 
speeds the effect of armature reaction is less than at increased speeds. 
When the car is first started the charging rate will increase with the 
increase of speed until a certain r.p.m. has been reached ; after this the 
current output remains approximately constant up to a further given 
speed. When this speed limit is reached the effect of armature reaction 
is greater than the effect of increasing speed, with the result that further 
speed increases result in an actual decrease of charging rate. 

Typical Example of Third-brush Dynamo 

A typical example of a third-brush dynamo at various speeds is as 
follows : 

2 amps, at 500 r.p.m. 

7 amps, at 750 r.p.m. 

. 10 amps, at 1,000 r.p.m. 

12 amps, at 1,500 r.p.m. 

11 amps, at 1,800 r.p.m. 

10 amps, at 2,000 r.p.m. 

8 amps, at 2,300 r.p.m. 

It will be seen from this example that third -brush regulation is not so 
sensitive as regulation by electromagnetic means. The latter type of 
regulation can be designed to keep the voltage and current regulation 
within strict values. The third-brush dynamo, however, has the merit of 
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HEAVY WIMOINO 
(CUftR^T coil) 


FINE WINOINC 

(voltage: coil) 


"^I^ELAY 



.thermostat 


resistance 


POINTS 

\A/ITW 

CONTACTS 

CLOSED FIELD 

CuftftffNT passes 

ThUOvCH 

6LADE 

WITH 

:ONTACTS OPEN 
field CURALNT 
PASSES 

RESISTANCE 

UNIT 


9. — Diagram 


OF A DYNAMO 
a:HERMOSTAT 


The thermostat is mounted at the commutator end 
of the dynamo and enables the third-brush to be adjusted 
to a higher charging rate. 


simplicity and it has 
proved itself in service 
to te a very satis- 
factory method. 

Adjusting the Output 
of Third-brush Dyna- 
mos 

rhe output of third- 
hrushi dynamos can be 
adjusted by alteration 
of the third brush on 
the commutator. To 
increase the output the 
brush should be moved 
in the direction of 
rotation. To decrease 
the output the move- 
ment should be in the 
opposite direction. 

It ^iO have been 
noted that the third- 
brush dynamo regulates 


the current output, since it is the value of charging current flo'^ing through 
the armature winding which produces the distortion of the field for regula- 
tion. It is important, therefore, to ensure that the charging circuit should 
not be open-circuited by the removal of the battery and the dynamo 
operated under this condition, since in these circumstances the machine 
would build up a high and possibly dangerous voltage. Whenever the 
battery is disconnected either the field fuse should be removed or the main 
dynamo terminal should be earthed. Most third -brush dynamos are 
fitted with a field fuse. 

With third -brush regulation there is a tendency for the charging rate 
to increase as the hattery becomes fully charged. This is due to the rise in 
the battery back e.m.f., this rise causing an increased dynamo voltage 
which causes a corresponding increase in the current in the field coils . 


Thermostat Control 

A thermostat is frequently used in addition to the third brush. The 
use of a thermostat enables the third brush to be adjusted to a higher 
charging rate than if no thermostat were fitted, thus permitting a heavier 
charge to the battery on initial starting. The unit acts as a protective 
device as well as an output regulator and prevents overcharging of the 
dynamo. 

Tig, 9 illustrates a dymamo fitted with a thermostat mounted at the 
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commutator end of 
tke dTnamOj^liere 
it is afifected by the 
internal heat of 
the machine. 

The thermostat 
consists of a resist- 
ance unit and a 
set of contact 
points. The lower 
contact point is 
mounted on a bi- 
metal strip. At a 
certain pre-detex- 
mined temperature 
the thermostat 

blade will warp, 
and at a mTen in- — ^Volta^ge eegxjxatob crBcun? (fixed third -beush 

, 1 . ° , type) as fitted to Chevroebt cars 

ternal temperature 

the contact points will automatically open, thus inserting the resistance 
into the field circuit, which will decrease the charging rate. With the contact 
points closed the full current will pass throngh the thermostat blade. 
With the contact points open the full current will pass through the 
resistance unit. These resistance units vary in size, depending upon the 
design and the characteristics of the dynamo. 

The contact points thus open when the current output is hea^y and 
serve to decrease this output hy approximately 40 per cent. The contact 
points return to their normal position immediately the temperature of the 
dynamo becomes normal. The thermostat unit is entirely automatic in 
action and requires no special attention in service other than occasional 
cleaning of the contacts. 

Condition of Contacts 

The condition of the contacts on the thermostat is of particular 
importance with this type of machine. If they become dirty or pitted, 
it will result in a Ioav voltage and low output, a late cut-in, and an under- 
charged battery. 

Although a burnt-out or open-circuited resistance will give a correct 
charge at low speeds, erratic conditions will be experienced at medium 
speeds because of the failure of the field thermostat to operate 
correctly. 

If the resistance increases by a partial open-circuit, it will result in 
low voltage and output and no charging of the battery. 

Conversely, in the event of the resistance increasing there would be a 
high voltage and output . 


VOLTAGE REGULATOR 
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Rapid Test for Controller Fault 

A rapid test for controller fault is to remove the battery lead, whilst 
engine is at a low-fair speed, and place it on the next cell, thus reducing a 
six-cell battery to a five-cell. The output should immediately increase. 
This gives a fair idea of the controller’s action. 

Manually Controlled Resistances 

Certain designs of dynamo have a resistance unit, fitted inside the 
dynamo at the commutator end, which can be manually operated and 
inserted in the field circuit of the dynamo in order to decrease the maxi- 
mum current output when required. 

Such a d3nLamo when associated with third-hrush current regulation 
gives both high and low outputs and a wide range of output adjustments. 
It is particularly applicable to vehicles which are operated almost entirely 
in the daytime, when very little charging current is required. 

In cases where a vehicle is driven for any appreciable periods at night 
with the normal lamp load, the full capacity of the dynamo can then be 
obtained. In the same way the design is suitable for adjusting the output 
to a low value for summer running and a high value for winter 
running. 

Lamp-load Control 

Certain developments have been made in the provision of a special 
type of dynamo for commercial-vehicle work. In this case normal 
charging rate is obtained during daytime operation when no lamps are 
used. When the lights are switched on, the current used for lighting is 
passed through an additional set of field coils on the dynamo, the output 
itself being proportionately increased under night -driving conditions . 



SELF-STARTER OVERHAUL 

W HElf a car is brought into a garage with a, faulty self-starter, 
certain tests should be made before removing the starter from the 
engine. 

Open Circuit or Defective Battery 

If the starter refuses to move at all, an open circuit in the starter or 
starter wiring is indicated, or possibly a flat or defective battery. This 
can be easily checked by switching on the lights ; if the lights appear 
bright as normal, press the starter switch and observe whether this has 
any effect on the hghts. If they do not dim slightly, then there is no 
circuit through the starter. A defective battery can also be checked by 
taking a reading of the specific gravity. If it is below 1*175, the battery 
is discharged and should be recharged- A continuation of the ‘‘ lights ’’ 
test is if the lights return to normal immediately, it is something outside 
the battery itself. If the lights remain dim or slow in coming up, the 
battery is flat — perhaps through a faulty starter. 

Battery Connections 

IText check the battery earth connection at the chassis, and clean and 
tighten if necessary. Check the battery terminals and make sure they 
are not corroded. 

Starter-motor Switch 

If no fault is found in the battery or the wiring to the starter motor, 
remove the 
starter -motor 
switch and 
examine the 
contacts . 
which should 
be clean and 
not corroded- 
The switch 
can be tested 
by means of a 
low -reading 
voltmeter 
having a maxi- 
mum reading 
of 3 volts, 

11 





Fifj . L— Starter; motor eeadv for dismantling 
Showing retaining bolts removed. 

( B-]j cowrte&y oj Messrs. Shaw ct* Kilburn.) 
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Fig. 2. — ExAMiN^Tioif oi’ bbush gear 
S howing method of holding up retaining spring. 
{By courtesy of Messrs. Shaw & Kilburn.) 


•wMcli should be 
placed across the 
switch terminals, 
at the same time 
pressing the switch 
to the on ’’ posi- 
tion. If a read- 
ing of I rolt ox 
more shows on the 
meter, the switch 
should be remoyed 
and its internal 
contacts examined 
and cleaned or 
renewed. If the 
meter is connected 
across the switch 
before it is oper- 
ated, there will he 
the full voltage im- 
posed on its move- 
ment, which will 
damage the meter, 
so eare is needed to 
see that the switch 
is operated before 
connecting the 
meter, and also to remove the meter before the switch is released. 

The same test can be applied to all the connections and the reading 
taken when the switch is pressed. 


Jammed Pinion 

It is worth considering at this stage the possibility of a jammed pinion. 
The failure of the pinion to engage with the flywheel can be caused by too 
much oil on the screwed sleeve, as this oil will pick up dust and grit from 
the road, causing the pinion to stick to the sleeve. A jammed pinion 
may be caused by a discharged battery which, whilst being strong enough 
to allow of the engaging of the pinion, is too weak to turn the flywheel, 
with the result that the pinion cannot he thrown out. 

To free a jammed pinion, the engine should be put into gear and the 
car rocked, or if the starter is provided with a square on the armature 
shaft, the shaft can be turned by means of a spanner, wLich will cause 
the pinion to be forced along the screwed sleeve and out of engage- 
ment. 




Fig. 3. — Eemoyin-g the ^mutuke fhom the stater motor 
(By courtesy of Messrs. Shaw (& Kilhurn.) 

Brush Gear 

If the starter motor still does not start after making the above tests, 
it must be removed from the car, !First examine the brush gear ; either 
the brushes may be sticking up in the brush holders or worn down so badly 
that the spring tension has become insufficient. An indication of had 
brush contact is a badly burnt commutator. Should the brushes and 
commutator appear in order, an internal disconnection or break in the 
internal circuit of the starter must be looked for, and the starter motor 
should be completely dismantled. 


Fig. 4. — T:se aema^ture removed 

Shov^ing also fcli© bendbc pinion and spring. (By courtesy of Messrs. Shav) <h Kilh'um,) 
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Testing a Starter 
Motor 

TKe internal 
circuits of a 
starter motor can 
be tested either 
by using a test 
lamp ox by 
the volt-drop 
method. 

Field Coils— Test- 
lamp Method 

To test the 
field coils for con- 
tinuous circuit, 
place the test- 
prod leads on the 
field-coil leads as 
shovm in Eig. 5. 
If the best lamp 





Hg . 6. — 'Testikg fiexd com roR. eajith 
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lig. 7. — 'TESTmG Aisr ahma-Ture fob earth 


lights, the field coils axe coatimious, but if the test lamp does not light, 
there is an open circuit in one or both of the field coils. Each individual 
coil should be tested for ec[ual resistance. 

To test the field coil for earth, place one test-prod lead on the frame, 
and the other to the field-coil lead, as shoivn in Fig. 6. If the test lamp 
does not light, the field coils are O.K., but if the test lamp lights, one or 
both field coils are earthed. 

To test a single field coil for earth, break the soldered connection 
between the two field coils and test each one separately, replacing the 
field coil that is earthed. 

Tield-coil leads should he examined at the point where they are 
soldered at the starting-switch terminal, to be sure that they are tight. 

Field Coils — Volt-drop Method 

The field coils can be tested by the volt-drop method by using a 12-volt 
battery. The leads from the battery with a J-ohni resistance in series 
are apphed to the two ends of the field system. By connecting a volt- 
meter across each coil, a similar reading should he obtained from each 
one, but if a lower reading is obtained across one coil it will indicate a short 
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in that coil, or if one end of the field is connected to earth , it 'will also 
indicate an earth fault in that coil. 

Another method of testing coils is hy means of a 
6-Tolt battery, a resistance and a 6-volt lamp, connected 
in series. The resistance should be of a suitable value 
to dim the lamp. Connect ‘each field in series in turn ; if 

they are in order, 
the bulb should dim 
equally still more. 

Armature Testing— 
Test-lamp Method 

The armature 
can be tested for 
earth hy placing 
one test prod on the 
armature and the 
other on the com- 
mutator, as shown 
in Fig. 7. If the 
test lamp lights, ttfQf' 
armature is earthed 
and should be 
replaced. 



Fig. 9. — rEsriNa i^suxArED bbush hoxdee fob eabth 


SELF-STARTER OVERHAUL 
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If the test lam]p does aot 
light, the armature is 

O.K. 


Armature Testing — 

Volt-drop Method 

To volt -drop test 
gin armature, a large 
12 -volt starter battery 
is connected to two 
points on the commu- 
tator situated at 90° 
apart for a four -pole 
motor and 180° for a 
tivo -pole motor. In one 
of the battery leads a 
-^-ohm resistance 
capable of carrying 24 
amps without overheat - 
ing is inserted, and by 
connecting a low-read- 
ing milli -voltmeter 
across each pair of 
segments in between 
the battery leads, the same reading should show at each position. A 
loose connection at the commutator will show up as a higher reading on 
^he milli-voltmeter, and the remedy is to resolder the connection. 

It is seldom for a short-circuit to develop in the armature unless it has 
been dropped, because there is generally only one turn per slot, but if a 
very low reading is obtained across a pair of segments the winding should 
be examined and any short in the winding will be easily seen, and when 
found, the shorting copper strips can be bent away from each other- If 
a short is not found in the winding then, the commutator should he care- 
fully examined for any signs of copper bridging the two segments. 

Another Test for Short-circuit 

Place the armature on a Growler, and with a saw blade over the arma- 
ture core rotate the armature and test (5ce Eig* 8). If the saw blade 
does not vibrate, the armature is O.K., hut if the saw blade vibrates, the 
armature is short-circuited. 

Inspecting Commutator 

The commutator should he carefully examined for signs of roughness. 
If it is rough, turn down on a lathe until it is thoroughly cleaned up, and 

IV. — 2 



Fig. 10. — 'Kow a. xoeqtje test oi’ a. starter mot ob is 

MADE 

The starter motor is clamped rigid and the torque apn 
attached to the starter pinion as shown. On applying 
current to the starter, the reading of the spring-balance is 
noted. The arm can be used on the right-hand side of 
the bench for anti-cloclrwis© rotation. 
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sand ofiF with, 00 sandpaper. The micas between the copper segments 
should then be undercut. 

Brush-holder Test 

To test the insulated brush holder for earth place one prod of the 
testing set on the cover and the other on the brush holder. If the test 
lamp lights, the brush holder is earthed. 

The brush earth-leads should he disconnected from the end frame and 
all terminals cleaned . Check the insulation of the brush to field-coil leads . 

Repairs 

When the fault has been located and is found to be in the armature or 
field coil, it may be necessary to rewind these components. Full parti- 
culars regarding rewinding will be found in a later section in this volume. 

Torque Test 

When the starter has been repaired it is advisable to give it a torque 
test to ensure that it develops the correct torque. This is usually done by 
mechanical means. 

The mechanical method of torque testing consists of clamping the 
starter motor in a vice or test bench and fixing a torque arm to the motor 
shaft or pinion. The torque arm is a steel rod having a clamping device 
at one end to secure it to the motor shaft, and a hole in the other end for 
the insertion of the hook of a spring-balance. This arm extends 12 in. 
from the centre of the motor shaft to the hole for the spring-balance. 
The other end of the balance is attached to a firm support directly 
underneath. 

The starter motor is connected up to a battery which is known to be 
in good condition, and the pull on the spring-balance is noted. If the 
spring-balance shows a reading of 12 lb., then the stalled turning torque 
will be 12 ft .-lb., and this reading is compared with that issued by the 
makers of the motor under test. Alternatively, the test result can be 
compared with another motor of the same type which is known to be in 
good condition. 



THE FORD ELECTRICAL SYSTEM 

By J. W. SANDERMAN, AJf.I.A.E. 

IGNITION 

IST overhauling the distributors there are one or two points which 
require particular care. 

The cam used on current 8-h.p., 10-h.p. and 24-h.p. distributors is 
formed integral with the shaft and advance mechanism yoke and , therefore, 
it is not possible to alter the timing hy means of cam repositioning. The 
drive gear must be set so that the olfset drive slot is in the correct 
position for engaging the distributor shaft. The correct position is such 
that when standing at the near side of the engine with jSTo. 1 piston at 
T.D.C. on the firing stroke and looking down on the drive, the slot is 
sloping forwards at an angle of 45° with the largest D-shaped portion 
facing rearwards. On earlier models the cam is detachable and it is not 
necessary to observe these drive gear positioning precautions. 

When these distributors are dismantled it will be noticed that the two 
advance mechanism springs are of different sizes, and in no circumstances 
should these be changed for other sizes , the calibrated difference deter- 
mining the correct slope of the ignition advance curve. 

The form of the auto- 
matic advance curve is 
extremely important if 
satisfactory results are to 
be obtained, and should 
for some reason the ad- 
vance be incorrect, no 
attempt should be made 
to alter the tension of 
these springs by bending 
of the anchor arms or 
other means. 

Although these springs 
are supplied for service, 
if renewals are required 
it often is wisest to 
replace the complete 
advance assembly as, in 
addition, when this is 
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Fig. 1 . — Testing co^’tact-breakeb spring tension 
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Fig. 2. — Timing V-8 distsibution oii special 
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Fi ^. 3. — ^Method of setting ighition o>t V-8 engentes whex timi^sG tixtuhe is 

AVALLABLE 

required some 'wear will piobal^l^ have taken place at suoli points as 
the goyeraor-'reiglit pivots and pivot holes, which, will also tend to 
alter the correct characteristics. 


Testing Automatic Advance 

When testing the automatic advance this should start at 400 r.p.m. 
of the crankshaft ^ on Y-8 engines, 700 r.p.m. on 24-h..p. engines, and 
800 r.p.m. on 8-h.p. and 10-h.p. engines. 

Testing Tension of Dual Contact-breaker Arm Springs 

V-8 engines are very sensitive to correct ignition characteristics, and 
in addition to the above precautions the tension of the dual contact- 
breaker arm springs is extremely important. This tension may be tested 
by a special tension gauge, and with the later models having contact- 
breaker points approximately - 3 ^^-in. diameter, the spring tension should 
be between 22 oz. and 21 oz. The earlier models had contact points of 
a smaller diameter, and the breaker springs on these distributors should 
have a tension of between 19 oz. and 22 oz. 


Setting Ignition Timing (V-8) 

The initial setting of the ignition is also of extreme importance, and it 
is advisable to use a special electrical timing fixture which permits the 
distributor to be correctly timed whilst off the engine . 

Should such a fixture not immediately be available, the ignition can 
be set (but not with the same accuracy) by bringing No. 1 piston nearly 
to the top of its compression stroke and then slowly turning the engine 
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Fig. 3b. — WiSIi-G D1A0EA.II FOB I'OED 10 H.B. 
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JFig’' ZTi, — Weeing DiA.GEA:vr non Ford Y-8 “30' 
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Mg. 4. — Operation- of orL-pREssxniE and petrol qatjoes 


■until pistons Nos. 2 and 3 are an equal distance from the top of the 
cylinder block. 

The advance adjustment on the side of the distributor should then 
he placed in its lowest position, and 'with the ignition switch on slowly 
moved upwards until a spark occurs at No. 1 sparking plug, when the 
adjusting screw should be moved upwards one additional graduation. 
This will give the initial setting of 4® before T.D.C. 

The above method of setting the pistons of V-8 engines for ignition 
timing is, of course, best carried out before installing the cylinder heads, 
but is a method not recommended on any 4-cylinder models, as accuracy 
is not possible, due to the offset cylinders. The V-8 cylinders are also 
offset, hut the relative positioning of the various pistons enables reasonable 
accuracy to be obtained by this method. 

Timing Ignition on 4-cylinder Engines 

All 4-cylinder engines are, however, provided -with more positive 
means of setting the piston for ignition timing. 

A timing pin is screwed into the front timing cover and under normal 
conditions projects outwards. When it is required to set the pistons for 
ignition timing this pin is unscrewed, reversed, and the plain portion in- 
serted in the hole from wkich it has been removed. 

If light finger pressure is applied to the pin and the starting handle is 
used to rotate the engine very slowly, it will be found that at a certain 
point the pin drops into a small recess. This recess is on the face of the 
camshaft gear, and when in this position indicates that number one piston 
is in the exact position for setting the distributor timing. 

As the engine timing wheels are marked for correct mesh this method 
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Fig, 5. — Opera-TIon op petrol ga.uge 

gives great accuracy, but should the timing wheels not he correctly meshed 
the ignition timing would also be incorrect. This condition, however, 
would readily he apparent, as the valve timing would he at least one tooth 
out, which, combined with the consequentlf incorrect ignition timing, 
would give obviously unsatisfactory running. 

Contact Breaker Correct Gap 

It is, of course, necessary before making the above setting to see that 
the contact-breaker point gaps are set to the correct clearance of -012 in. 
to -014: in. on the earlier models, and -014 in. to *016 in. on later models. 

This is an important point, as synchronisation of the two breaker arms 
controls the saturation period of the coil. 

Particular care must he taken not to unduly bend or strain the contact- 
breaker arm springs, as this will alter the point pressure and possibly 
cause misfiring at high speeds. 

Previous type distributors for the 24-h.p. engine should have a contact- 
breaker gap of between ‘018 in. and -022 in. Early-type 8-h.p. and 10-h.p. 
distributors not provided with an adjusting index should also have a 
similar contact-breaker gap, w^hich differs from the later distributors 
provided with an adjusting index having a gap of between *010 in. and 
•012 in. This latter setting is also used on current type 24-h.p. 
distributors. 

Fitting Starter Motors 

Due to various changes in design of starter motors, it is possible to fit 
a new 8-h.p. or 10-h.p cylinder block or a reconditioned engine on which 
it will not be possible to install the original motor. To overcome this 
difficulty a number of adaptor plates are available to enable the original 
motor to be used, and it is advisable when ordering a new block or recon- 
ditioned engine to state with which type of starter motor it is intended 
to he used. 

V-8 engine-starter motors also underwent a change, so that if a change 
is necessary or a flywheel ring gear has to be renewed , the correct parts must 
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be obtained. Early starter motors bad a drive pinion with 10 teeth which 
meshed with a flywheel ring gear having 112 teeth, while the later motors 
had a pinion with 9 teeth meshing with a ring gear having 144 teeth. 

Electrically Operated Oil Gauges 

The oil gauge on both 22-h.p. and 30-h.p. Y-8 cars is electrically 
operated, an electrical pressure unit being screwed into a connection with 
the oiling system at the rear of the cylinder block. These units, however, 
cannot he changed from one type of engine to the other, as they operate on 
different principles. That on the 22-h.p. engine has two contact points 
which are held apart by the oil pressure, so that if oil pressure fails the 
points come together, so completing the electrical circuit and operating 
the warning light on the instrument panel. 

On the 30-h.p. engine the points are held in contact by the oil 
pressure, so permitting a current to flow through a heating coil surround- 
ing a bi-metal arm which wtien heated tends to separate the points. A 
similar system is incorporated in the instrument panel gauge to which 
the engine unit is connected, so that the amount of current, degree of heat 
in the hi-metal arm, and amount of arm deflection is reproduced in the 
gauge and indicated by the pointer. 

It should be clearly understood that the oil-pressure gauge system on 
the 30-h.p. Y-8 records the pressure in lb. per square inch on an instru- 
ment panel gauge, whereas the system on 22-h.p. V-8 engines merely acts 
as a warning when the pressure drops to a dangerous degree ; usually 
about 7 lb. per square inch. 

Testing Gauges for Faulty Operation 

Should either of the engine units be suspected of faulty operation, the 
simplest method of ascertaining this is to temporarily replace it with a 
new one. If a new unit is not available a mechanical type pressure gauge 
can he inserted in its place to check if the normal oil pressure is being 
obtained ; this should he between 25 lb. and 30 lb. per square inch at 
normal working temperatures. 

To test the instrument panel unit on SO-h.p. V-S cars it may be dis- 
connected from the engine unit and a temporary lead used to pass 
current direct from the battery to the gauge. Watch carefully that the 
current is not applied too long but only sufficient to see that the gauge 
needle rises in the normal manner. If incorrect calibration is suspected 
it is advisable to change the complete gauge. 



BATTERIES AND BATTERY CHARGING 

By EDmH H. WEIGHT, HRSA., P.T.S. 


T he subject of choosing the correct type of plant for the efficient 
charging of secondary cell batteries, commonly tno-wm as accumu- 
lators,” is of extreme interest besides importance. 

In order that the reader may obtain a better grasp upon the under- 
lying principles described in this article, it may be permissible to first 
consider briefly the battery itself: its origin, construction, and the 
manner in which it functions . 

Types of Battery 

There are only two types of secondary cell in general use at present. 
First, and practically universal in use, is the type known as '‘lead-acid/’ 
whilst the other type, attributed to Edison, is known under various 
names, including niokel-iron,’’ '‘alkaline,” or " NiPe?’ As the latter 
has still some distance to progress before becoming a serious rival to the 
lead-acid type, and is seldom met with in normal charging stations, our 
considerations will be confined to lead-acid batteries. 

Construction 

Manufacturing methods are obviously outside the scope of this 
article, but the form of construction in which the battery reaches us may 
warrant a brief 
description. 

In its usual form 
it consists of a rect- 
angular container of 
insulating material, 
divided internally into 
cells ; each cell hous- 
ing its quota of plates 
and electrolyte (dilute 
sulphuric acid) suf- 
ficient to ensure an 
output voltage of 
2-2-2 on completion 
of charge ; the current 
rating depending upon 
the active surface area 



J^ig^ X. ToSITIVE AN'D plate; groups of a 
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of the plates, otherwise 
•upon their size. These 
2“Volt cells are coa- 
nected in series, so that 
their voltages are added 
together. Thus, a 6- 
volt car battery em- 
bodies three cells in its 
container, whilst a 
12 -volt battery com- 
prises six cells. 

Each cell has its own 
series of positive and 
negative plates, 
arranged in two groups 
respectively; each group 
being individually con- 
nected together, metal- 
lically, inside the cell. 
The positive group is 
kept insulated from the 
negative group by thin 
separators of celluloid, 
wood, or other insulat- 
ing niedinm. The 
electrolyte, which should be a high-quality acid such as B.A. A., completes 
the contents of the cell, which has a conductor from each group of 
plates, led to the outside for connection to other cells, or to the load, 
i.e. an exterior circuit, or to the charging equipment. 

The plates generally consist of lead frameworks of grid construction, 
the interstices of which carry the active material or paste. Under 
normal conditions in a new battery, the positive paste consists almost 
wholly of peroxide of lead (PbOg), wldLlst the negative plate is of more or 
less pure lead. Both positive and negative plates have acquired their 
characteristic spongy paste formation during process of manufacture, and 
this is more readily acted upon by the electrolyte. It will be noticed that 
in the new or charged condition, the positive plates will be of dark brown 
or chocolate colour, whilst the negative will be light grey. The colouring 
should be smooth and uniform, any tendency to roughness or patches of 
whitish colo'ur indicating the first stages of sulphation ; which should be 
removed at once by prolonged charging at a low rate. 


Fig. 2. — ^This shows the thin wooden separators 

WHICH ARE PLACED BETWEEN THE POSITIVE AND 
NEGATIVE PLATES OE A BATTERY CELL 


Action of Battery 

Assuming the battery to be in good condition, its action is as follows : 
If the two groups of plates be joined together by their outer con- 
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ductors or terminals through an exterior load ox resistance, a current will 
flow from the positive terminal, through the load, to the negative ter- 
minal, and through the electrol 3 rte, completing its circuit back to the 
positive. 

This discharging action is both electrolytic and ionic. Hydrogen ions 
go to the positive plates, and combine, when neutralised, with the oxygen 
present in the peroxide of lead, thus forming lead monoxide ; whilst at 
the negative plates, sulphur and oxygen ions combine with the lead, 
forming lead sulphate . The lead monoxide at the positive plates easily 
combines with the sulphuric acid electrol57te, forming lead sulphate and 
water, hence both sets of plates become partly covered with lead sulphate ; 
a small measure of water is formed, and some of the sulphuric acid is used 
up. This results in obvious dilution of the electrolyte and a fall in ceU 
voltage ; in other words, the cell has been discharged to an extent depend- 
ing upon how far the above action has been allowed to proceed. 

The chemical aspects of the re-charging process need not be touched 
upon here. SufiS.ce it to say that at the end of a charging period, when 
efS-ciently carried out, both sets of plates and the electrolyte will be 
restored to their original condition ; a reversal of the discharge having 
taken place, be it noted, by 
chemical action, of which the 
charging current is simply the 
cause. Contrary to general 
belief, electricity is not merely 
pumped into the battery, 
stored by it, and taken out 
when required. The battery 
stores chemical energy upon 
charging, and reconverts this 
into electrical energy upon 
discharge. 

Charging 

The reader should now be 
better able to understand why 
an alternating current is use- 
less for direct connection to 
batteries for the purpose of 
charging. As alternating 
current changes its polarity 
from positive to negative and 
vice versa at a frequency of 
anything from 50 to 100 times 
per second, any chemical 
change brought about within 



Fig . 3. — The two geoups op plates 

SEPALATOES BEING EITTEI) COMPLETE INTO A 
BATTEEM CASE 
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Fig. 4. — SELECTING A SUITABLE BA.TTE31Y 
CHARGER 

Assume that the following number and 
size of cells are to be charged ; ( 1) 3 12-volt 
car batteries (18 cells) at 6 amps.; (2) 20 
radio cells at 3 amps. ; (3) 28 radio cells at 
I amp. Tlhe maxiimim number of cells is 28, 
and therefore the* maximum voltage of the 
charging plant 'will need to be 28 x 2-5 = 
7 0. In, practice, it will be preferable to us© 
a 75-volt plant, which is standard. A suit- 
able plant would, therefore, b© one with 
three circuits, giving charging rates of 
6 amps., 3 amps., and 1 amp., and a maxi-, 
mum voltage of 75. 


Fig. 5. — Typical example op .serie.? and 

PARALLEL CIIAEGIISG 

The above picture .shows a 3*circuit 
charger with outputs of G, 3, and 1 amps, at 
a maximum voltage of 75. There are 56 cells 
for charging on the l*amp. circuit. These*, 
if put on circuit in series, would need 50 x 
2-5 = 125 volts, considerably above the 
maximum voltage of the chargor. The safe 
solution to the problem, is to divide th© 
50 cells into two groups of 25 cells each in 
series and connect each group across thc^ 
1-amp. terminals in parallel , as shown above . 
Each group will be charged at ^ amp. 
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thd cell hj a positive impulse would be immediately cancelled out by tbe 
following impulse of reverse polarity. The net result, so far as chemically 
re-forming the plates is concerned, would be nil. 

It therefore follows that direct, not alternating, current must be used, 
and as the majority of power-supply authorities distribute alternating 
current only, we must find suitable equipment to convert this into direct 
current ; which flows in one direction only, and will, therefore, induce the 
required chemical change in the battery without interruption or reversal. 

The Charger 

This brings us to the controversial yet interesting subject of chargers ; 
a subject to which those interested in battery-charging should devote full 
consideration. The charger is the heart of any battery -charging plant, 
and its responsibilities include not merely the converting of alternating 
into direct current, but also the mechanical efficiency of the plant ; its 
reliability, convenience in operation, and, perhaps most important of all, 
its running costs — this last being directly governed by its electrical 
efficiency. Attention paid to these points will make all the difference 
between success or failure, both technically and financially, in the opera- 
tion of a battery-charging or service station. 

Types of Charger 

There are numerous types of charger, which may be conveniently 
divided into the following classes : 

(1) Commutating rectifiers and motor-generators, ivhich depend for 
their functioning upon motion derived from the forces of electro- 
magnetism. 

(2) Electrolytic and ionic, the action of wffiich is electro -chemical. 

(3) Thermionic valves, which derive their direct current by means 
of a stream of negative electrons attracted to a positively charged plate, 
the electrons being first released by heat from a distintegrating filament. 

(4) Metal rectifiers, the action of which is purely electronic in the case 
of copper-copper-oxide ; but is definitely ionic or electrolytic in the 
cases of so-called “metal’’ rectifiers constructed from magnesium or 
copper-sulphide. 

THE COMMUTATING RECTIFIER 

Turning to chargers falling into Class 1, the functioning of which 
is dependent upon motion, there appear to he only t-wo of these types at 
present surviving. One is the commutating rectifier and the other the 
motor -generator. 

The commutating rectifier is in effect an alternating-current motor 
which carries a four-segment commutator upon its rotating armature- 
shaft. The segments are disposed around the circumference of the 
commutator body, and are interconnected for correct functioning as 
follows (see Fig. 7) : 



Fig. 6. — Sebies method op connecting 

BATTERIES 



Fi^. 6b. SiNGlE - CIRCUIT 

BATTERY' CHARGER. WITH 
OUTPUT OP 4 AMPS. WITH 
TWO GROUPS OF CELLS 
CONNECTED IN SEBIES - 
PARALLEL 


Fig. 6a. — Series -PARALLEL method oi 

CONNECTING BATTERIES 



Fig. 6g. — S ingle - G iBCui T 
CHARGER OF C AMPS. OUTPUT 
WITH THREE GROUPS OF SIX 
CELLS CONNECTED IN SERIES - 
PARALLEL 
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7. — Hebe we see the pbitigiple op operation- of a coMmiTATiA^o bectieier 


Imagiae the fiat end-section of the conimutatoT to represent a clock 
dial. Four copper segments are embedded in the body at the hours of 
12, 3, 6, and 9. 

The 9-o’cloek segment is directly connected to the 6'O’clock segment — 
and through brush gear to one of the alternating-current mains 
terminals, which we will assume at the moment of description to be at its 
positive half-cycle. 

The 3-o’clock segment is directly connected to the 12-o’clock segment. 



NOTC T~HC 3fH/SH f^OS-jnON /S' S‘£r 0 /\J -test 

rO» >7 't D 

OCCUP DUE ro ■' * ’A / ■ ■; . ETC. it is 

^ . BC-POJUSTPACPIT 

■■ - 'yr .V'. ■ Tf-I£ P^CPtl^E 


POl/lSPBLC - , . . 

ro THE 3BOSPI 
If AU^NIA 7 


tVHCA! SET /.•? pyUPAnaCO TOP 
MT CH/APOiiyC the at 
COITIMUTATOP is CO/Viyi£CTE£l 

ro rCPMINALS HT K AT. 


Fig. S. — Here we see the connteotions of a comiUTATiNG rectifier, for 
3-BUSBAJLi constant-potentlal CHARGING [Crypto)i Equijiment, Ltd.) 


jM.R.O. IV.- 
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and through further bxusli gear to the remaining mains terminal which is 
(at the moment) negative. 

A collecting brush hears upon the commutator segment and a lead 
is taken from this carrying the current which is of positive polarity, 
whilst another lead, from a brush hearing upon the segment at 12 o’clock,, 
constitutes the negative. Brushes 6 and 9 are now positive, and brushes 
3 and 12 are negative. 

Now, if the motor he started so as to rotate the commutator in a 
clockwise direction at a speed of one quarter of a revolution for 
every change of polarity of the mains, hy the time the segments 
12 and 6 have advanced to contact with brushes 3 and 9, the mains 
polarity has reversed, and brush 9 which had previously been positive is 
now negative and brush 3 is now positive. Although, however, the mains 
half-cycle change has taken place, brush 12 remains negative and brush 
6 positive. 

It is clear, therefore, that the lead from brush 6 is always positive, 
whilst that from 12 is always negative. Full -wave rectification has been 
accomplisbed. 

THE MOTOR GENERATOR 

This brings us to consideration of the above equipment, which is 
probably next in order of importance for battery-charging purposes. 

As is doubtless already known to the reader, it comprises an alternat- 
ing-current motor, mechanically coupled to a direct-current generator or 
dynamo ; which latter, upon being driven by the motor, discharges a 
direct-current output through the batteries. 

IONIC RECTIFIERS 

It is a well-accepted theory, borne out in early battery -charging 
practice, that any rectifying apparatus dependent upon ionic or chemical 
action must be, by reason of its nature, largely dominated in life and per- 
formance by climatic conditions. Since water, in the form of vapour 
or damp atmosphere, often heavily charged with acid or other chemical 
fumes, is readily absorbed by the porous and hygroscopic elements of most 
electrolytic or ionic rectifiers, it follows that their original chemical 
formula cannot remain permanently unchanged. In due course they 
have been found to deteriorate owing to internal corrosion and chemical 
changes in composition caused by adsorption of exterior vapours. Especi- 
ally is this so in tropical climates, or when installed within reach of the 
sulphuric acid fumes always more or less present in battery charging - 
stations . 

The first rectifiers of this type generally consisted of two platinum or 
other metal electrodes in contact with a chemical solution contained 
within a semi -sealed jar constructed of insulating material. These w^erc 
superseded later, by a somewhat similar arrangement, in which the 
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JFig. 8a.. A COMPlBrE OOMMUTATING BEJCTIITEB HATTERY’-CHAR.GING INTSTALXATIOE’ 

The commutating Tecfcifi.er is shoNvn on the extreme left with the txansfoimer "to 
it It is charging the batteries hy the constant-potential method, l^ote the three busbars 
across which the batteries are connected. The connections will be clear from big. b. 

iCvi/'pto7i 


cliemioEbl solution was contained within a block of absorbent material ; 
and these were probably the forerunners of the series of dry ionic and 
electrolytic rectifiers of foreign origin (often passed _ off a_s “metal 
rectifiers), which may be purchased even to-day in this country. 
Rectifiers of the early type embodying _ electrolyte in Jifinid form 
are now quite obsolete, except, perhaps, in some cases of laboratory 
work. 


THE THERMIONIC VALVE RECTIFIER 

The valve rectifier may introduce itself to the reader in any one of 
three different forms, all enclosed within evacuated glass bulbs : either 
as mercury vapour, heated filament, or a combination of both. As the 
first-meutioned type will rarely, if ever, be met with in battery service 
work owing to its extremely low efficiency when used below halt-load, it 

will be omitted from consideration. ... • -i j. i, iu 

The second and third types are, in principle, so similar to each other 
that for our purpose it will be convenient and permissible to deal with 
them as a single unit. 
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Mg. 9. — A S-OIRCtJIT^BATTERY-CHAIlGIN'O OXIDE -CATBC ODE BECTIEIEB 
Showing th© interior components, including transformer and rectifying valve. {Cry^ton.) 


Operation 

In 1904, Professor Ambrose Fleming (since knighted) first put to 
practical use a previous discovery made by Thomas Alva Edison, pertain- 
ing to carbon or metal-filainent lamps ; this was known as tie Edison 
effect.’’ Edison noticed that after burning for some considerable time, a 
shadow ” or blackened image of the filament became imprinted upon the 
interior of the glass bulb. 

Investigation followed, and ultimately proved this to be an actual 
deposit of the filament material emitted from it in the form of electrons, 
due to its disintegration by heat. The filament gradually “ evaporates ” 
in this way, which accounts for its cross-sectional area diminishing until 
its mechanical strength becomes insufficient to maintain cohesion. How- 
ever, before this stage is reached, the filament generally fractures at its 
thinnest point, due to overheating, and its life is over- Given good con- 
ditions, and freedom from vibration or overload, the life of such a filament 
working at full emission may reach approximately one thousand hours or 
more- 
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Fig, 10. — A 'luJ^TGAR TALYE CHARGER. DESIGNED lOR CHAEGII^fG 
EITHEE A 6- OB 12-TOLT MOTOE-CAR BATTERY 
The change-over switch enables either 6- or 12 -volt battery to 
he charged changing the position of the switch. 

'Sow, bearing in mind that (1) elections a-re of negative sign : (2) that, 
as in magnetism, so in static electricity, unlike polarities or signs attract 
toward each other ; and (3) that as a flow of electricity through a con- 
ductor is merely a flow or movement of electrons, Fleming correctly 
concluded that if this filament electron stream could be collected and 
conducted outside the bulb, around a completed exterior circuit, it would 
constitute a fiow of direct -current electricity, and make possible the manu- 
facture of static rectifiers at economical cost. 

To this end, he constructed a lamp with a filament of low voltage, and 
inserted, near the fiJament, a plate or anode fitted with an exterior 
terminal. He then heated the filament by passing a suitable current 
through it, and connected the anode to one pole of an alternating-current 
supply of high voltage. The remaining A.C. pole was returned to the 
filament via a suitable current-limiting resistance, and polarity indicator. 

Switching on the high tension (A.C.) in the anode circuit, he obtained 
just what he expected. The negative electron stream was attracted to 
the positive anode upon each positive half-cycle of the A.C., and pulses 
of current flowed through the exterior circuit accordingly. However, 
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Fig. 11. — Diageajmc of connection's for a S-ceroxtit 'valyb 

BATTERY CHARGER 


■when the anode 
was negative, 
no current 
was indicated, 
rieming there- 
by produced 
‘"‘one -way 
traffic ” through 
the lamp, which 
thus became an 
electrical valve. 

This valve 
(orrectifier)had 
no commuta- 
tors, brushes, 
field-magnets, 
concrete bases, 
ormovingparts. 
It was hght in 
weight, small in 
bulk, and eco- 
nomical in cost ; 
and its efficiency 
upon light loads 
proved to be 
considerably 
higherthan that 
of the motor- 
generator, or 
any other form 
of rotary recti- 
fying plant. 

Types and 
circuits were 


. . designed, 

enabimg full-wave rectification to be obtained, and these valves ultimately 
found their way into the specifications of commercial battery-chargers. 


Life 


Eeverting to the life of the filaments in such rectifiers, it is generally 
agreed among users that filaments of the type in which electron -emitting 
substances (usually thoriated tungsten) are adsorbed or impregnated in 
the material, generally fail when the diameter, or cross-sectional area, has 
faUen by 7 per cent, to 10 per cent, of the original ; -whilst filaments of the 
type which carry an outside coating of emissive material can fail within 
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a few minutes, if 
conditions are such 
as to permit exces- 
sive emission. One 
thousand hours 
appears to he ^ the 
generally accepted 
ex:pectation of Life. 

Its et&ciency as 
regards costs in 
running should he 
carefully considered. 
Like all electrical 
apparatus, none of 
which, is perfect, 
it has some dis- 
advantages and 
unavoidable losses. 
It must be remem- 
bered that costs of 
running are not en- 
tirely bound up with- 
in the supply com- 
pany’s (quarterly 
account. Repairs 
and renewals, if not 
prevented at the 
outset, may hecome 
very heavy items. 


THE COPPER- 

OXTDFRFCTTFTFT? — Tytica.l instaylation- of seven copper-oshde 

EL Jir 111/ iv reotifiees for eattert chargincj [Wcsttnghoi€se Brahe 

This, a compara- Signal Co,, Ltd) 

tively recent intro- 
duction, is becoming more widely known and used, as in course of time 
it hecomes better understood. 

Its origin is attributed to two American research w^orkers , Grondahl 
and Place, and the principle is, in brief, based upon the fact that a current 
of electricity may pass through copper -oxide to copper, but not pass 
(except in negligible quantity) through copper to copper -oxide. 

Much development work has been conducted upon this property of a 
copper -oxide junction, and for some years past there have been large 
numbers of commercially manufactured types and sizes available for all 
purposes of rectification. An indication of the forms of construction may 
not be amiss, and will certainly assist the reader to form his conclusions 
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as to the worth of this ne^v'est of 
rectifiers. 

V^Q Construction 

Imagine a copper disc, approxi- 
\ inately the size of a penny. Now 
oiyen a special heat-treat- 

^IftSVLATOa - 1 1 1 

ment upon one side only, that side 
will acquire a layer of copper-oxide. 
Fig. 13.— Exploded view of copper- of thickness and quality in accordance 

TACT TVPE (WestingJiouse Brahe c& With the degree of temperature 
Signal Co., Ltd.) applied, and the time or period of its 

application. Other processes are in- 
volved, but we are only concerned here with the basis. 

It is at the junction of the copper and copper-oxide, where the one 
changes into the other, so to speak, that rectification takes place. The 
oxide is not sprayed, spread, or pressed into the copper, as many are 
erroneously led to believe. It is actually part of the disc. 

The voltage safely accepted by such a disc may, according to design 
and process, be anj^hing between 4 and 8, and the current-carrying 
capacity is governed by the diameter or area. Thus, a disc the size of a 
five-shilling piece would carry more current than one the size of a penny. 
The average disc used in commercial battery -chargers carries approxi- 
mately I of an ampere, and accepts an input voltage of approximately 4 ; 
so that if, for example, a direct current of 3 amperes at 100 volts is required, 
a construction or assembly is suggested, consisting of four paralleled units 
(4 X I = 3), each unit comprising 25 discs in series (25 X 4 = 100). 
In practice the design is not quite so simple, as safety-margins must be 
allowed, and as many as four simple paralleled paths are rarely used, it 
being preferred to use the bridge circuit and parallel the bridges. 

However, it is easy to understand that in these rectifiers we have a very 
elastic medium, capable of being built up to any conceivable specifica- 
tion. 



Copper-oxide rectifiers will not break or become damaged if dropped, 



are unaffected by vibration, 
and have no emission of any 
description to lose. They may 
he switched instantaneously 
on to full load without 
damage, are unaffected by 


Fig. 14. — Circuit of cotpee-oxide rectipierfoe 

BATTERY OHARGIMG 


accidental short-circuit, and 
may even be overloaded for 


The transformer secondary winding is provided 
with tappings giving suitable voltages for adjust- 
ment according to the number of cells being 
charged. R, Ballast resistance. 


a reasonable period before 
damage is likely to occur. 
Provided the temperature 
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could be kept down, there is theoretical^ no limit to tlie current 
■Mrliich they may carry, whilst a voltage input excess of some 500 per 
cent, is necessary to puncture or break do\ra the oxide. 

Efficiency 

As there are no moving parts to be driven, nor filament to heat, the 
efficiency is naturally highest of all rectifiers ; and this is still further 
enhanced by the fact that as they are to all intents and purposes permanent, 
and renewal costs do not arise, there can be no objection to utilising 
separate independent units for each charging circuit ; which does away 
immediately with practically all wasteful resistance control. The designer 
is, therefore, free to control the output mainly by a variation of input volts 
to the rectifier by means of tappings from the transformer secondary 
winding; a method which economises current instead of wasting it. This, 
taken in conjunction with the other advantages enumerated above, 
results in an over-all efficiency in a copper-oxide rectifier charger of 
approximately 80 per cent, at the half-load, with which we are mainly 
concerned. Upon full load it is still better than any of those previously 
described, but the difference is not so great. Also, it maintains its advan- 
tage right down to practically no load ; the no-load losses being negligible. 

Control 

The control being effected by tapped transformer, and therefore dis- 
pensing with practically all resistance including the network, which in the 
case of the valve involves risk of one bank of cells discharging into another 
in the event of mains interruption, has the added advantage of entirely 
eliminating this possibility. The non-conducting properties of the 
rectifier in its reverse direction prevent discharge ; and as separate 
rectifiers feed each circuit, we have, in effect, a number of separate and 
independent chargers — each one for its own class of cell ; so that dis- 
charge from one bank to another is impossible, and any adjustment of 
control npon either circuit can have no effect upon the others. 

The action of the copper-oxide rectifier is based upon neither chemical 
change, heating of fragile filaments , nor rotating machinery. Its efficiency 
at the order of loads we can expect under our own conditions is around 
the figure of 80 per cent., which is approximately one-fifth higher than the 
best of others, and it involves no repair of renewal costs. 

The tapped transformer control (see Fig. 14) enables an immediate 
compensating adjustment to he made each time batteries are added to, 
or taken from the load. 

The drawback of metal rectifiers with which we are concerned is 
the high initial cost. This is usually of the order of 1 0 per cent, to 1 5 per 
cent, above that of other systems. It may be as high as 20 per cent., 
but we should very carefully consider whether it is not better to pay this 
e.xtra t\TO or three pounds, for what, in effect, becomes the purchase of 
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an extra fifth, of profit throughout the years following ; and an -unin- 
terrupted trouble-free service. 

SELENIUM RECTIFIERS 

Another type of metal rectifier no-w being used for battery charging 
consists of aluminium or nickel-plated iron discs to which a layer of 
selenium is applied. Current will flow readily from the aluminium or 
iron, to the selenium, but only with difficulty in the reverse direction. 
A numher of elements are mounted on a spindle, together "with connecting 
lugs and cooling fins when required, in the same general manner as the 
copper -oxide rectifier, but the pressure needed for contact is much 
less. 

PREPARING BATTERIES TOR CHARGING 

The procedure to be adopted in preparing the cells is the same, no 
matter what method of charging, as described later, is adopted. Eeside 
the charger, one should have available a good hydrometer for measuring 
the specific gra-vity of the acid in the cells, a supply of commercial battery 
acid, a supply of distilled water, and an artificial load tester of good 
make. 

Clean the Battery 

The first} procedure upon receiving a battery should be to thoroughly 
clean it. No good worb was ever done with a battery whilst it was covered 
with corrosion and filth. A good plan is to wash this off in a large sink 

(rubber gloves are ad- 
vised) with plain water. 
This will also remove the 
corrosion if any, which 
often collects upon the 
positive term inal. 
Next, thoroughly dry, 
and wipe off any grease 
which may be present, 
to prevent the collection 
of more dirt. 

Testing for Faulty 
Battery 

We should next 
make use of the artificial 
load tester, upon each 
individual cell of the 
battery, in order to 
ascertain if any of the 



Fig. 15. UlGH-HATE DISCHAIIGE TEST TOE TESTING 

BAa?TER,Y IN ORDEE TO ASCBETAIN IF ANY OF THE CELLS 
I DAMCAGED 
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cells are damaged. In- 
structions for the use of 
this piece of apparatus 
will be found enclosed 
with it xipou purchase. 

The habitual testing 
of aU cells immediately 
upon coming into the 
station, preferably in 
the presence of the 
customer, is strongly 
recommended. It is 
useless to re-charge a 
cell which is not in a 
condition to retain its 
charge, as such proced- 
ure is not only waste of 
time and money ; its 
early demise wih reflect 
upon the efficiency of 
the charging station, 
even if the customer 
does not, in innocent 

ignorance, blame the 
station operatives for 16 .— Hthboioitbr for specific ora.yit^ of 

its damage. Immediate weak an. acid will prevent full charge taking place, 

testmg in his presence 

is a safeguard against either contingency. If any of the cells prove 
damaged, instructions fox re-plating may be obtained at once, saving the 
customer’s time, and incidentally increasing the turnover. 


Test for Specific Gravity 

Assuming that the test shows no fault beyond discharge, we should 
next test the specific gravity of the acid. The correct figure for this 
varies somewhat with different makes, so that it would be wise to arm 
ourselves at the outset with a manufacturer’s instruction boohlet for all 
of the most widely used makes of battery. Battery makers wih be found 
to be only too glad to assist in this direction when asked. The gravity of 
the acid in a cell which is fully discharged should be somewhere in the 
region of 1170, and if our hydrometer reads higher than the maker’s 
specification with the battery in a discharged condition, we should remedy 
this by dilution with distilled water before placing on charge. Too strong 
an acid attacks the plates, whilst too weak an acid will prevent a full 
charge taking place. 
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The Charging Bench 

Ha-viiig dealt -with these preliminaries, yre may now approach the 
charging hench. This latter should be of rigid constniction, preferably 
fitted with a thick oovering of rubber or glass insulation which may be 
given an occasional wipe over, not only in the interests of cleanliness, hut 
for prevention of leakage between cells and earth ; such leakages soon 
manifesting themselves if dirt be allowed to collect, owing to the fine 
spray of electrolyte which the cells throw out towards completion of charge. 
This very quickly forms a thin mud film comparatively highly conductive 
of current over the batteries and bench ; whereas, if cleanliness be 
strictly observed, no leakage is likely, as the electrolyte alone is of such 
high resistance as to be practically non -conductive. 

TWO METHODS OF CHARGINC 

We now come to the actual charging plant and the method of charging. 
Although there seems to be an embarrassing range of plant available, 
there are only two methods of charging batteries, namely : 

(1) The constant current or ‘‘series ’’ method. 

(2) The constant potential or “parallel ’’ method. 

We will deal first with constant current or “ series ” battery charging. 

CHARGINO BY THE “ SERIES’’ OR CONSTANT- CURRENT METHOD 

The following types of plant charge by the constant-current or 
“ series ’’ method when the mains supply is alternating current. 

(1) Valve rectifiers, 

(2) Metal rectifiers, 

(3) Motor-generators. 

The method of charging is the same in each case. The plant gives a 
certain current at a certain voltage. It has one or more charging circuits 
which give a variation of charging rates to enable you to charge different 
sizes of cells. In series charging the positive wire from the charging 
supply is connected to the positive terminal of the battery. Then the 
batteries are connected positive to negative until the required number 
are in series. Finally, the negatiye terminal of the battery is connected 
to the negative of the charging supply. 

The number of cells you can charge depends upon the voltage of the 
plant you select. The charging circuit or circuits are fitted wuth resist- 
ances which enable you to adjust the charging rate so that you maintain 
a constant current through the batteries until they are fully charged. 

Selecting Series Charging Plant 

In selecting any type of plant which operates on the constant- current 
method, the first thing to do is to make certain that you have selected 
the most suitable voltage. This depends entirely upon the number of 
cells you require to charge at any one time. It is very easy to arrive at 
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tlie Yoltage required for any giYen numter of cells. All you need do is 
to multiply the number of cells by 2*5. The voltage of any cell when 
fully charged is 2-5, and, consequently, if you have 20 cells to charge the 
voltage required is 50. Also, in the same ^Yay,if you select a 7 5 -volt 

75 

plant, you can connect — ^ = 30 cells. If tlie plant is 30 volts, you can 
30 

connect — = 12 cells. 

^ *5 

In selecting the most suitable voltage the calculation should be taken 
on the basis of the maximum nuinher of cells you require to charge at 
any one time. If, for example, you anticipate a weekl}^ load of, say, 
30 12-volt batteries and 10 6-volt batteries, it might be assumed that the 
average maxim'um number of cells you require to charge at any one time 
would be 5 12-volt batteries = 30 cells, plus 3 C-volt batteries = 9 cells, 
making a total of 39 cells. 

Your most suitable voltage for this load, if you use only one circuit, 
would therefore he 2-5 x 39 == 97-5 volts, or, say, 100 volts. 

Charging Different Sizes of Batteries at Different Charging Rates 

This calculation is, however, based upon the use of only one charging 
circuit, which means you would have to charge all your batteries at the 
same rate. It is more convenient to have several circuits, so that you can 
charge different sizes of batteries at different charging rates. If, for 
example, you selected a plant with two charging circuits, then the voltage 
of each of these circuits need be only 50, which W'Ould give you the same 
capacity, or, in other words, enable you to charge the same total number of 
batteries at any one time. 

Multiple Circuits 

Eroni a practical point of view care is necessary in selecting the number 
of circuits on the plant you instalL Multiple circuits are very useful. 
They enable you to deal efficiently and easily with all types of batteries. 
Yon can, for example, have one circuit with a low current rate for radio 
batteries, of the mass-plate pattern. A suitable current rate for such 
batteries is about 1 amp. Another circuit at, say, 3 amps, enables you to 
deal with larger radio cells. A further circuit at, say, 6 amps, enables you 
to deal with the smaller range of car-starter batteries and a further circuit 
at, say, 8 amps, gives you full ample charging current for larger car-starter 
batteries . 

In practice, the best thing to do is first of all to work out the average 
number of different sizes of cells you require to charge at any one time. 
Then multiply the number of cells which comprise the largest' group or 
groups by 2-5. This gives you immediately a suitable voltage for yoxLT 
charging plant. That is, if you have , say, 20 mass -plate radio cells in one 
group, 30 multi -plate radio cells in another group, and the third group 
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comprising 5 12-valt car-starter batteries, yov. arrive at your voltages as 
follows : 

1. — 20 2 -volt cells = 50 volts. 

Grou^ 2. — 30' 2-volt cells = 75 volts. 

Grou^ 3. — 5 12-volt batteries — 30 2-volt cells = 75 volts. 

You v^ould, therefore, in this case select a 75-volt plant. 

Charging Rates 

The question of charging rates is easy. Yon arrive at the average 
charging rate required for the various groups of batteries and select a 
plant which gives you circuits accordingly. Actually, you will find your 
needs met very excellently by the wide range of standard chargers which 
are available having carefully selected charging rates. 

Connecting Up 

We have to decide at what current to charge the battery, and here, 
at least until from experience we can tell by examination, we should 
consult the maker’s instructions. If a 12-volt battery, it will be found 
most likely to be in the region of 8 amps. 

Assume we have a charger with at least one 8-amp. circuit, capable of 
charging thirty-six cells simultaneously ; and that we have, ready for 
charging, three 12 -volt and four 6 -volt batteries. As there are six 
cells to each 12-volt battery and three cells to each 6-volt battery, 
the total number of cells is thirty. We are, therefore, well within the 
loading capacity, and may proceed to connect them to the charger, 
before switching on. 

We take the first battery, and connect its positive terminal (marked by 
a cross or enamelled red) to the positive (similarly marked) terminal of 
the charger ; or to the circuit chosen, if a multi- circuit charger. 

We then connect the negative of this first battery to the positive of the 
second, and the negative of the second to the positive of the third, and so 
on until we have only one battery terminal left. This will be a negative, 
and is then connected to the negative terminal of the charger, thus- com- 
pleting the circuit. Care must he taken to use stout, flexible connecting 
links capable of carrying the 8 amps, without heating, and to make good 
tight joints to prevent sparking. As the batteries give off highly inflam- 
mable gas towards the end of the charging period, the importance of this 
precaution cannot he overstressed. It is also a good plan to erect a no 
smoking notice in the charging room, and to strictly observe it ourselves. 
Ventilation should not be overlooked ; and is as important to safety 
as to health. 

Switching on the Charger 

Assuming we have now connected all in order, and ascertained the 
charging rate to be 8 amps., we should next see that the charger controls 



BATTEEIES AlfD BATTERY CHARGING [ 70 L.iv.] 


A.C. SUPPLY 

I I 



LEFT HAND METER 
READING 6AMRS. 


4 VOLT BATTiRY 12 VOLT BATTBRY 

CMAfiGm A 76 AMPS. CRAR&m AT SAMPS. 

ccu/irm 2 cEia comrim s cells 




4SMm 2KCEUS 6 POLT BATTERY 2 MEDIUM SIZED t-=:M 

JM PAPAL i EL CHAPSm SAMPS 2F0L7 CELLS JN 

CMAR6fNGAT 7>zAMPS COUAITJNG 3 CELLS PARALLEL CHAR6- 6 VOLT BATTERY 
COUNTim 7 CEIL . m AT 3 AMPS. CHAR6m6 A7SA 


2 MEDIUM SIZED 
2F0L7 CELLS JN 



4 yOLT BATTERY BSAfALLZV CELLS 


COUMTm 7 CELL • m AT 3 AMPS CHARSm AT S A. CyAR6lN6AT3A. fN PARALUL 

COUMTlAfS /CELL COUNTf/iO 2CELLS COmilNS 2CELLS CHARSltiC AT A. 

COUNTIMG 7 CELL 

Fig, 17. — ^Two-cerouit ba.tter’s* chaugbr. 

Skowing cell grouping to provide suitable charging rates for different sizes of 
batteries. Haximxon voltage of charger, 75. 


6 UOLT BATTERY 
CHAROm AT 3 A, 
COLf/Tim 3 CELLS 


4 mT BATTERY 
CRARG/BSATJA. 
coufmm 2 CEILS 


6 FOLT BATTERY 
CHARS/H6 AT 3 A MRS. 
COUNTfBG 3 CELLS 


-rrr 

rrrf 


[•1 

rsi 


fin 




P 



Q 

P 


Q 





y 



<D:oi a 


- 72 VOLT BATTERY H 
CHARG/N6 AT DAMPS. 
CODNT/NG 6 CELLS 



y ^ T 

6 yOLT BATTERY CHARGfMG AT GAMPS- 
COUMT/ue 3 CELLS 

Fig. 18. — Two-oirchit ba^ttery charger, showing a:n ingenious method of 

GROUPING CELIS OF DIFFERENT CHARGING RATES 

Meter readings as Ifig. 17. 





48 IVOL.IY.] ELECTEIGAL AND ACCESSOEY EQUIPMENT 

are in their minimum current positions ; and then switch on. We shall 
probably see a small reading upon the appropriate meter, or none at all. 
In either case, we can next operate the current control, in accordance with 
the instructions issued with the charger, until we obtain the required 
8-amp. reading, Ey making occasional adjustments just a few times 
during the period of charging, this current can be kept approximately 
constant until the cells are fully charged. 

Calculating the Approximate Charging Time 

We now wish to know for how long the batteries must be left on charge, 
and just how to ascertain when they are fully charged. 

In order to saye the time which would be expended in repeated tests 
throughout the period, we can approximately fix the charging time by 
calculation. The formula for this is : Ampere-hour capacity of the 
battery divided by the charging rate in amperes, equals the time in charg- 
ing hours. Thus, if the ampere-hour capacity is 80 and the charging rate 
8, the approximate charging time will be 10 hours. The ampere-hour 
capacity of the battery may be ascertained from the maker, if the informa- 
tion is not marked upon it. 

How to Tell when Batteries are Fully Charged 

It is advised, however, to use this formula only up to a point. To 
ascertain the precise condition of the cells, the hydrometer and the volt- 
meter should be put to use. 

The voltage of each cell should be 2*5 to 2*7. The cells should be 
freely ‘^gassing"’ or “bubbling,” and the specific gravity of the acid 
should agree with the maker’s instructions. Always switch: off the 

CHAUOER BEFORE UISCONNECTESTG- ANY CELLS . 

Series-parallel Method of Connection 

All the preceding remarks have been based upon the batteries in the 
various charging circuits being connected in series, as indicated in Fig. 4. 
Sometimes it happens that vre have a larger number of cells than can 
conveniently be connected in series. Supposing, fcjr example, that tlic 3 
plant gives 75 volts. Dividing by 2*5, we see immediately that wo can 
connect up to 30 cells in series. It might be that we have a plant with a 
capacity of 4 amps, on one charging circuit, and we might have, say, 
50 cells which we would like to connect to this circuit and of which the 
charging rate is, say, 2 amps. 

It is quite possible to do this by using what is called the series-parallel 
method of connection. Tliis simply means that we make up two groups 
of cells in series, in oiir case with SO cells in each group. We connect the 
positives of the two groups together and the negatives of the two grou[)s 
together and then connect to the positive and negative terminals of the 
charger. Tigs. 6b-c, 17 and 18 show various series -parallel arrangements. 
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It must be remembered that the total number of cells in each of the 
groups must he the same. Furthermore, the total current which you take 
from the charger will divide between the groups. In other words, if we 
connect the 30 cells mentioned above with a charging rate of 2 amps., we 
set the resistance on the switchboard to give 4 amps., and this will be 
divided approximately between the two groups and 2 amps, will flow in 
each group. We can have more than, two groups, say three, four, or more, 
and the current will divide according to the number of groups we con- 
nect. The number of cells in each group, however, must, as previously 
mentioned, be the same. 

We cannot control the charging rate of each group of batteries forming 
a series -parallel circuit. We have no resistance in the various groups to 
do this ; all we can do is to control the current flowing into the groups as 
a whole. Actually, the current which will flow in the various groups 
depends entirely upon the condition of the cells in these gronps. This is 
a drawback in practice, because if the cells in one group are low they will 
take a heavier current than those in another group where the cells happen 
to be in good condition. One very suitable way of overcoming this 
difficulty is to use a separate sliding resistance with self-contained am- 
meter. This small portable resistance and ammeter can usefully be 
attached to any group of cells in a series -parallel circuit and individual 
adjustment of the charging rate conveniently made by adjusting the 
sliding resistance. 

Care of the Battery 

Before returning the battery to the customer, it should be wiped clean 
and dry, afterwards the terminals should be painted over vdth a liberal 
treatment of Vaseline and the residue carefully wdped away. This will 
prevent corrosion and ensure that when next the battery comes into the 
station for attention, it will be in a fit state to handle. 

Do not leave a battery for long in a discharged condition. This causes 
the plates to sulphate. Do not use a battery whose voltage has fallen 
below 1-85 volts, or whose acid gravity is below the discharge figure of the 
maker, or expensive damage may result. Do not allow the acid level 
to fall below the tojo edges of the plates. If below this level, replenish 
with distilled water. Never use tap water; it contains impurities, and is 
usually somewhat alkaline in nature, thus lowering the gravity of the 
acid. Do not strengthen the acid just because it is weak. Find out, 
first, whether the battery is discharged, in which case the weakness is a 
normal condition and will strengthen itself during charging. Finally, 
never place a battery on charge the “wrong way round ” or it will be 
ruined. 

Provided tlie foregoing advice is observed, especially regarding 
cleanliness, there is no reason why the operation of the charging station 
should be anything but a profitable and interesting occupation. 

M.It-O. IV. — 4 
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19. — CONSTAiTT-POrENTIAL MOTOR-GENERilOE CHAROINa PLANT 


CHARGING BY THE CONSTANT-POTENTIAL METHOD 

Eor constant-potential battery charging, a motor generator or com- 
mutating rectifier snpplying a constant voltage is used. Instead of 
connecting a large group of batteries in series across the circuit, we take 

6- volt or 12-volt car batteries, or groups of 3 or 6 radio cells, and connect 
them straightaway to long copper bars (busbars). These busbars are 
supplied with direct current from the motor generator or commutating 
rectifier, which gives a comparatively large current output and has a 
voltage that remains constant under all load conditions. There are both 
2- and 3-busbar sets. The 2-busbar set has only one voltage, either 

7- 1 or 15 across the busbars. The 3-busbar set has twm voltages, 
7|- across the centre and either of the outer busbars and. 15 across the 
two outers. The voltage is controlled within limits by a 

jsist*" '''' 

Connecting the Batteries for Charging 

A 6-volt battery fully charged will read 7| volts, while a 12-volt 
battery will read 15 volts. Now, the voltage at the busbars should be set 
to 7 1 or 15, as the case may be. All you actuall}^ do is to make up your 
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cells in 6- and 12-yolt 
units, of either three or 
six 2-Tolt cells in the 
case of radio batteries ar 
6- or 12-yolt car-starter 
batteries, and connect 
these cells to the bus- 
bars by means of wires 
having quick -grip con- 
nectors. The positive 
of the battery goes to 
the positive busbar and 
negative of battery to 
negative busbar. 

Pig. 20 is a diagram 
of a constant-voltage 
generator with switch- 
board and two copper 
busbars to which bat- 
teries in 12- volt units 
are connected. The 
d 5 mamo has a given 
output in amperes at a 
fixed constant voltage 
of 15, the regulation 
being constant between 
no-load and full load. 



Fig , 20. — Layohv of a con’S'tant-yoltag'e motor 

G-ENERATQR WITH: SWITCHBOARD ANT) ITS TWO COPPER 
BUSBARS TO WHICH BATTERIES IM 12-VOHr CTNTTS ARE 



A motor -generator 
with three busbars is 
illustrated in Fig. 21. 
The bars give three 
separate charging cir- 


Fig . 21. — A CONSTANT-VOLTAGE CHARGING ARRANGEMENT 
PROVIDING A COMBINATION OF TWO VOLTAGES BV THE 
USE OF THREE RUSBARS 

Three "busbars give three sepai'ate ohargiag circuits, 
two at 74 volts and one at 15 volts. 


cuits, two at 7§ volts and one at 15 volts. Batteries , assembled in 6-volt 


units, are connected across either the positive busbar C and the positive 
and negative busbar^ or, alternatively, between the positive and negative 
busbars B and the negative busbar A. 

In both cases you connect your 6-volt batteries across the two points 
which give a voltage of 7J, and they are connected to positive and negative 
points in each case. Batteries in 12 -volt units are connected across 
positive busbar C and negative busbar A, again across two points which 
are positive and negative respectively, but wdiich, in this case, give 
15 volts. The batteries connected to busbars A and £ should be as nearly 


as possible the same as across busbars B and C. The two ammeters 
which indicate the charging current on each side of the system make it 
convenient to obtain the closest possible balance. 
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How the Battery is Charged 

Assume that we have a constant -voltage plant giving 15 volts, let us 
see what happens if we connect a 12-Tolt battery to the 15 volts. The 
current that will flow through each cell is equal to — ■ 

Voltage of circuit (15 ) — volt age of cell 
Resistance of cell 


Assuming the voltage of each cell of the battery in its discharged condition 
to he 1-8, the total voltage of the 12-volt battery will be 6 x 1*8 = 10 -8. 

Assuming the resistance of each cell to he 0 *025 ohm, the total resist- 
ance will be 6 X 0*025 =0*15 ohm. 

The current flowing at the start will he — 


15 --10*8 4*2 

0-15 ““0*15 


= 28 amps. 


At first sight it may seem wrong for a battery with a nominal charging 
rate of, say, 8 amps, to be connected to a circuit from which it takes 28 
I or more amps. It is possible, however, to send almost any current into 
I a battery when it is &st connected so long as the temperature does not 
i rise above 100° F. This charging rate does not last long, for immediately 
the terminal voltage of the battery begins to rise as the battery becomes 
charged the charging current decreases automatically. 

. After a short time, say half an hour, the voltage of each cell becomes, 
say, 2*1, making a totalof 12*6 volts. If the 15 volts is kept constant, the 
current will be — 


15 - 12*6 
0*15“ 


2*4 

= 0.15 "" 


After, say, 1 hour, the voltage of the cells will be, say, 2-2. The 
current will then be — 


15 — 13-2 _ 1-8 
0*15 ^ ” 0*15 


12 amps. 


After, say, 4 hours, the voltage of the cells will be, say, 2-4. The 
current will then be — 


15 — 14-4 
0-15 


0-6 . 

^.^5 = 4 amps. 


At the end of the charge the voltage of the 12-volt battery will be 
15. This is equal to the voltage of the plant, also 15 volts, and conse- 
quently no current will flow. Actually, in practice, a very small cuixent 
flows in this condition. 


A Typical Constant-potential Set 

The actual arrangement of a constant potential charger will be made 
a little more clear by a study of the illustration in Fig. 19. 

This shows an actual constant-potential set installed. The arrange- 
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ment is similar to a laotor-generator. You have a motor operating from 
the supply which, drives a R.C. generator. The generator has two com- 
mutators, each commutator gives 7h volts, and the two are joined in 
series exactly as in Fig. 21, giving the two separate 7h and 15 volts which 
are applied to the busbars. 

The switchboard which controls the plant is fitted Avith tAvo ammeters 
and a voltmeter which measures the total voltage of 15. The ammeters 
register the current taken by each half of the busbars, i.e. each 7 |-volt 
section. It will be noted in Pig. 21 that two automatic cut-outs are 
fitted. The function of these cut-outs is merely to disconnect the batteries 
from the machine should the plant shut dovui through failure of the 
supply. Pigs. 8 and 8a illustrate examples of constant-potential sets, 
incorporating commutating rectifiers. 

The arrangement of the busbars wi]L be clear from the iUustrations, 
and it will be seen that they are mounted over the charging bench and the 
batteries are connected to the busbars by ordinary charging leads. 

In. practice constant -potential sets, such as are illustrated, are supplied 
absolutely complete, including the motor and constant-potential dynamo 
on bedplate, switchboard, busbars, insulators Avhich hold the busbars, 
and all the actual charging leads required. 

Charging Discharged Battery in Eight Hours 

By this method of charging it is possible to charge fully a healthy 
discharged battery in eight hours. If, hoAA^ever, you AA’ere to connect a 
battery to your C.P. set and there happened to be one cell short-circuited, 
then, supposing the battery was a 12-volt, its maximum A^oltage would be 
only 10 or 12-5 fully charged. 

In these circumstances the C.P. set would continue to pump a heavy 
charge into the battery w^hen the good cells Acere fully cliarged, oAring to 
the difference in voltage between the busbars and the battery terminals, 
namely, 121- volts against 15 volts. Under these conditions the battery 
would sev^erely overheat, and damage might also result to the good cells. 

Batteries that are Badly Run Down 

^Similarly, with a battery which is badly run doAvii or which is un- 
healthy the back-E.JM.F. when it is first connected Avill be considerably 
lower than normal. The difference in vmltage Avill, therefore, be high 
and the charging current will be high in proportion. This high current 
would result in an excessively high battery temperature and would harm 
the battery. We can ahvays reduce the charging current flowing through 
a battery by reducing the voltage applied to it. If, therefore, we reduce 
the 15 volts for any particular unhealthy battery or batteries, we auto- 
matically reduce the current. 

This is done in practice in a very^ simple manner by providing special 
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leads by 'which the batteries are connected to the plant, these leads 
incorporating a sufficient amount of resistance to reduce the initial 
current to a suitable value, which in practice is 10 or 20 amps., depending 
upon the actual battery. 

Charging New Batteries 

Always charge new batteries by the series method. If you have a 
‘'series ” charger, connect them to the plant in the ordinary way and 
keep the charging current at the rate given on. the battery labels “ for 
first charging."’ You can charge a new battery by the series method with 
a constant-potential plant while other batteries are still being charged by 
the constant -potential method. This is provided for by the variable- 
resistance leads, which enable you to put any required current into a 
battery for any length of time, and an ammeter shonld be provided with 
the plant to enable you to read the current going into a battery. .Always 
follow the maker’s instructions very carefully when giving a battery its 
first charge. 

Repaired ' batteries need the same treatment as n&w batteries if the 
negative plates have been discharged by letting them stand in air. On 
completing the charge of repaired batteries particular attention must 
be paid to the electrolyte, as this is apt to vary considerably at the con- 
clusion of the charge when the old negatives are replaced. 



HOBSON TELEGAGES 

NOTES ON OPERATION AND SERVICING 


1^ I OBSON telegages are employed for indicating the petrol level in 
the fuel tank, the engine oil pressure, and the coo ling-water tem- 
perature on dashboard instruments. Eleetric-tvpe telegages are 
used for all these purposes, while pressure -type telegages are used for fuel- 
tank level indication. 

ELECTRIC FUEL-LEVEL TELEGAGE 

The Hobson electric K-S fuel-level telegage system consists of three- 
parts — ^the tank unit (which is called the sender ”), the instrnnient unit 
(called ‘‘ the receiver ”), and the single wire connecting them. 

The Controlling Element 

The controlling element of both the sender and the receiver is a bi- 
metal strip, the bending of which, when heated, is utilised for operating 
the gauge. 

The bi-metal strips in both the sender and receiver are similar — ^tliat 



1. The position of ael tarts of ehectric fltee-gauoe sYS'TE:\r tank 

IS EMPTY 
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Fi(/. 2. PoSITIOi? OF ALl PARTS OF ELECrRIC FFEL-GAIJOE SYSTEM WHEY TANK IS FTJLH 

is, each will bend the same amount when heated to the same temperature. 
In order to heat both to the same temperature, each has an electrical 
heating unit wound around it. As will he seen in the diagram, these 
heating units are connected in series and the current flows from the battery 
through the receiver, then through the sender to the earthed contact, and 
the circuit is completed through the car frame back to the battery. The 
same current which passes through the receiver must also pass through 
the sender, so that both bi-metals will be heated the same. 

The bi-metal in the receiver is anchored at the top, and the bottom is 
connected by a link to a pointer. Heating the bi-metal will cause it to 
bend to the right, and this movement, amplified by the linkage, Avill })e 
transmitted to the pointer, moving it to the right. 

The hi-metal in the sender is also anchored at the to]), and carries a 
contact point at the bottom. When this bi-metal is heated, it movies to 
the right, away from the earthed point, and breaks the circuit . 

How the Telegage Works— Tank Empty 

Tig. 1 shows the position of all parts of a fuel -gauge systeni when the 
tank is empty. When the current is turned on, it will heat l)(jth l)i-nietals 
just sufficiently for the contact point of the sender to move away from the 
earthed contact. The actual movement necessary to I^reaktiio circuit in 
the sender is so small that the movement of the pointer is not noticeable. 
As soon as the circuit is broken, the hi-inetals begin to cool and straighten 
so that the contact is again made. This jnocess of making and breaking 
contact continues from 6[) to 100 times a minute, the bi-metal being 
alternately heated and cooled, but to the eye, the pointer on the dial is 
steady. 
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HIGH (ML TOCSSm 

Jig . 3. — Sekder oe a3^ exectric oil pressure telegage 

Tank Full 

Fig. 2 slio\¥s the position of the parts when the fuel tank is full. The 
float has moyed upwards and, through the action of a cam, has pushed the 
bottom of the rod, on which the point is mounted, to the left, and the point 
has moved to the right, this movement being made possible mounting 
the rod on a flexible diaphragm. With the earthed point moved to the 
right, it will require more heat to hend the bi-metal in the sender enough 
to move the contact point away from the earthed point and break the 
circuit. The same current, however, that heats the sender hi -metal is 
also heating the receiver bi-metal and it likewise bends more, moving the 
pointer to the right. As soon as a sufficiently high temperature is reached, 
the points open and close alternately, maintaining this temperature and 
keeping the pointer steady at ' ^ full ’ ’ on the dial. 

With the float in any intermediate position, the earthed point Avould 
assume a similar intermediate position, and the temperature of the bi- 
metals at which the contact was broken ^vould determine the position of 
the pointer on the dial. 

Since this gauge depends entirely on temperature for its operation, a 
change in voltage in the system does not affect the gauge reading. A 
higher voltage will show a change in fuel level faster, hut the final reading 
will he the same. The pointer is not affected by jolting of the car, since 
it is constantly held in position by the bi-metal. 

Since it takes approximately 15 seconds for the gauge pointer to change 
from “ Empty to Eull,” bobbing of the float is not registered. The 
actual reading in case of a bobbing float'is the average level of the float, 
wliieli is the actual level of the fuel in the tank when at rest. 

The only parts susceptible to deterioration in the entire system are the 
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contgiet points. Since the mari- 
muni curient flowing while the 
points are in contact is only 
three -tenths of an ampere, the 
life of the points is of little 
concern. 

ELECTRIC OIL-PRESSURE 
TELEGAGE 

The method of operation of 
this device is almost identical 
with that of the fuel-level 
instrument, except that the 
sender instrument has its dia- 
phragm subjected to the engine- 
oil pressure. The diaphragm is 
deflected more or less, depending upon the oil pressure, and this in turn, 
Iby varying the degree of ^vliich the bi-metal strip is bent, gives a correct 
reading on the receiving instrument. Fig. 3 shows the sender unit. 

ELECTRIC WATER-TEMPERATURE TELEGAGE 

With these devices the sender instrument consists of a watertight plug 
which is fixed in some convenient place in the outlet of the cooling system, 
and which inside it contains the hi-metal strip. This deflects to a degree 
depending upon the temperature of the surrounding water, and the receiv- 
ing unit records in the same fashion as the preceding two, except that its 
dial is marked off in degrees of temperature. This instrument will stand 
a temperature of 275° E. without damage, and possesses all the advantages 
of the preceding instruments in the way of ease of assembly and silence. 
Pisf. 4 shows the sender unit. 

SERVICE INSTRUCTIOiyS FOR HOBSON ELECTRIC TELEGAGES 

The instructions below apply to all three types of electric gauges. To 
simplify matters, the instrument panel units are referred to as '‘receivers,” 
and the petrol tank unit, oil unit, and radiator unit, as ‘'senders.” 

Receivers of one type are not interchangeable with those of another 
type. This also applies to the senders, A receiver of one type can be 
used for checking another receiver, liowever, and the same applies to 
senders . 

Necessary Equipment for checking an Installation 

(1) One extra receiver (preferably petrol). 

(2) One extra sender (preferably petrol). 

(3) Tavo 4-ft. lengths of insulated wire equipped with clip terminals 
at each end. 

Do not replace any unit until standard tests have been made which 


TEMPER ATURE OPERATE Bir^TAL 



Fig. 4. — Sendeb unit oe electbic w.4.ter- 

TEMPERATURE TELEGAGE 
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definitely pxov'e it to be defective or damaged. Handle all units carefully. 

Never subject a gauge unit alone to the full 6-ToJt current beyond 
three-quarters of its scale reading, as this will burn out the heater coil. 

To check Sender 

(1) Disconnect wire at sender and connect it to extra sender. Earth 
extra sender to car frame and turn on ignition switch. 

(2) Move float of extra sender from empty to full position and watch 
action of the receiver w^hile doing this. (Allow 10 to 15 seconds for 
receivers to read full scale.) 

(3) If receiver registers correctly with extra sender, then — ■ 

(а) Original sender is improperly earthed (because of paint or 
grease), and this must be corrected, or — 

(б) If car is radio -equipped, the condenser attached to sender may 
be ‘‘ shorted.” This ivould cause over -reading whenever ignition 
switch was on. Condenser can be checked by disconnecting wire 
leading from it to sender. If gauge operates correctly with con- 
denser disconnected, then replace condenser. 

Use only Dubilier condensers No. 43-5 type A ” of *05 micro- 
farad capacity. Any other may damage the gauge system. 

(c) Original sender is damaged or defective, and must be replaced. 

(4) If receiver performs the same with extra sender as it did with the 
original sender, then check wiring. 

To check Wiring 

( 1 ) If wire connecting sender to receiver is broken or earthed, repair 
or replace. 

(2) If both wiring and sender check correct, then check the receiver. 

To check Receiver 

(1) Disconnect wires from receiver and attach to extra receiver. 
Turn on ignition switch . 

(2) If extra receiver reads correctly, then replace receiver. 

(3) If extra receiver reads the same amount as original receiver, then — ■ 

[a) Previous checks were not properly made, or — 

[b) Installation was correct to begin with. 

All gauges are 6-volt, so the resistance fitted at side of receiver 
when circuit is 12-volt should on no account be removed. 

Routine for checking Oil Pressure Telegage 

When checking the oil pressure telegage, the following routine may be 
used : — 

(1) Short the engine unit (sender) by earthing the wire leading to it. 

(2) Turn on the ignition switch, and if the receiver now registers, 
then it and the wiring are correct, and the sender is the cause of the 
trouble. Replace with a new unit. (This test should be only a momentary 
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one, as the full 6 
volts of the elec- 
tric system are 
imposed on the 
instrument, and it 
will burn out if 
■Liquid tested like this for 
any period.) 

(3) If the re- 
ceiver fails to 
register with the 
sender shorted and 

Figi* 5. SiMPXE TELlfiGAGl!] IJST OPEEATION TANKl EMPTY tlie ignltiOH SWitcll 

on, then the wiring 
and connections should be 
carefully checked. If no 
fault can be found with 
these, replace the receiver 
unit and check once more. 

HOBSON K-S PETROL 
TELEGAGE (PRESSURE 
TYPE) 

The Hobson K-S petrol 
telegage (pressure type) 
consists of three units 
Fig. 6 .— Simple rELEGAOE in opeiiatjok- tank full —the head, tank lUlit, and 

airline. In operation the 
air tube and air chamber of the tank unit, and the air line connecting the 
tank unit to the head, are filled with air (Pig. 5). 

Operation 

When the tank is filled the petrol tries to rise to the same level in tlio 
tank unit as it is in the tank, but cannot because of the air tni pped hot w'cei i 
the bottom of the tank unit and the liquid in the head. The ])etr()l trying 
to get into the air chamber presses on the trapped air and this f)ressuro is 
transmuted through the air tube and air line to the head on tlic instrument 
board, where it is recorded by the rise of the red liquid in the glass tnbc 
(Pig. 6). 

It can be seen from Pig. 6 that the operation of the telegago dcqKMids 
upon air being trapped securely in the tank unit and air line. A loose 
connection would permit the tra[>[)ed air to escape, and the f)etrol w'ould 
rise in the tank unit to the same level as in the tank. Tliere won Id also 
be no pressure on the liquid in the head unit and the liquid would fall to 
the bottom mark on the dial regardless of how much petrol there was in 
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the tank. The connection can 
be tightened, but the head 
unit •will not register correctly 
until the tant unit has been 
cleared of petrol and again 
filled with aii. This is done 
by the surge of petrol as 
explained belowin the descrip- 
tion of the tank unit. 


The Tank Unit 

The tank unit (Tig. 7) 
shews the air tube and air 
chamber which naust always 
be filled with air. The petrol 
tries to enter through hole C 
and thus presses on the 
trapped air. This is the only Fig . 7.— The tank ukie 

part of the tank unit that 

has anything to do with the reading of the gauge. 

The vent tube, open at the top, is a safety device which protects the 
gauge against high pressure. It does not enter into the operation of the 
gauge in any way. 

The remainder of the tank unit, that is, the air cup and air delivery 
tube, act only as a means of supplying air to the air chamber. This is to 
overcome the loss of air due to absorption in the petrol and contraction 
due to a sudden drop of temperature. 

The air supply mentioned above is obtained by using the movement of 
petrol in the tank. When the air cup is above the level of the petrol it 
is constantly being filled by the surge and splash when the car is in motion. 
This petrol runs through the drain hole D and dowm the air delivery tube, 
drawing with it a few bubbles of air. At the bottom of the tube the air 
bubbles out and rises under the air chamber. It enters the air chamber 
through hole G, and displaces any petrol which may be there. When the 
air chamber is full of air these bubbles simply pass off and are not used. 

The Head 

The head, shown in Fig, 8, is mounted on the instrument board. It is 
simply a Udube containing a special heavy, red liquid. (Hobson’s K-8 
liquid is used because of its specific gravity and other characteristics. 
Iso other will do.) The front half of the TJ -tube is a glass tube open at the 
top. The back half is a brass tube. The calibrating wires are essential 
for accurate operation. They compensate differences in glass tube 
diameters, and the correct amount is inserted in each bead at the time of 
manufacture. They should therefore not be interfered with. 
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The Aiif Line 

The air line is simpl 7 a hollow tube 
whieh. connects the tank unit witlx the 
head. Any pressure which comes through 
the air line will press the liquid down- 
ward in the brass tube and upward in 
the glass tube. In fact, the difference in 
lerels of the liquid in the two tubes is 
an exact measurement of the pressure 
coming through the air line, and hence 
records the depth of petrol in the tank. 
By marking the dial in gallons an exact 
reading in gallons is shown on the instru- 
ment board. 

To have the gauge read correctly, three 
things are necessary : 

(1) The red liquid in the head must be 
set at the bottom line of the dial when the 
air line is disconnected, and hold the 
setting. If the head shows a leak and wiU not hold setting, it should be 
replaced. 

(2) The air system must be free from leaks or obstructions. The most 
common obstruction is petrol which, however, can only be driven into the 
line when there is a leak or connections are not projoerly made. Petrol, 
being a moving obstruction, will cause a very erratic reading of the 

(3) The tank unit must supply air by the surging of the petrol, as 
described above. When you have these conditions and the gauge is 
reconnected the liquid in the head will rise when the car is being 
driven and will continue to rise until it records the true contents 
of the tank. Stopping, starting, and turning of corners will hasten 
this action. After this the gauge will not again lose its reading unless 
disconnected. 



SERVICING PRESSURE-TYPE TELEGAGE 

Servicing a telegage is easy provided the following instructions are 
closely followed. The use of any other method will produce no results. 

The gauge head must not be removed from the instrument board, 
and no unit must be changed until you have followed all instructions. 

Make these Checks First 

(1) Remove Tank'-filler Cap. On cars where a vent-hole in filler cap is 
necessary, see that it is free from dirt and open. Do not replace filler cap, 
or drain petrol tank. 
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(2) Try Tank ZlTiit Connection to be Snre it is Tight Use a second 
spanner to preTent tnlbe from twisting. 

(3) Disconnect Gauge Line (Air Line) at Front Eni Only. 

Red Liquid must now rend even with Bottom Line of Dial. Add or 
remove liquid as required at top of T3rass tube where air line was dis- 
connected. Use a medicine dropper to add liquid ; use a match to absorb 
some. Be careful that match does not pull out any shims (small wires) . 
I^ever loosen locknuts to mo ye brass tube up or down. 

If dial or paper -reflector back of glass tube is stained at the bottom, 
install a new complete gauge head. 

Use only Hobson K-S Telegage Liquid — no other tvill do. 

(4) Dry Air Line. Follow exactly or no results will be obtained. 

(a) Use a good motor hand tyre pump. (Never use compressed 
air.) 

(b) Remove metal tip from tyre pump hose. 

(c) Push hose securely over front end of line. 

(d) Give at least fifty full continuous strokes. 

(5) Reconnect Air Line, making Tight Joint. 

(6) Replace Rank-filler Cap. 

You are now ready to make a test to see if the trouble has been cor- 
rected. 

Test 

Determine whether you can bring gauge up to proper reading by 
supplying air to the tank unit. 

If the petrol-feed pipe is in tank unit, disconnect the petrol-feed line 
from the top of the vacuum tank or petrol pump, and blow with the 
mouth through this line into the petrol tank. 

If the petrol-feed pipe is not in tank unit, drive the ear until the red 
liquid no longer rises. A correction cannot be made if the tank is more 
than three-fourths full. 

If the reading now stays set with the car stationary, then the telegage 
is correct and the job is completed. 

If, however, you cannot get a reading by driving or blowing back 
through the petrol-feed line, or yon can get a reading, hut it will not hold 
for an hour with the car stationary, then there is a defective unit to be 
located by following the repair instructions below. 

Repair Instructions 

To determine whether the failure is in the air line or tank unit. 

(1) Disconnect the air line front and rear. 

(2) Inspect cones and seats for dirt or flaws. 

(3) Blow out air line (see Check 4 abov^e), and test for a leak. Place 
Anger over one end and suck on the other end. If the suction created 
will hold the tongue for one minute the line is sound. 
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(4) If the air line shows a leak, or is blocked, it must be changed. 

(5) If the air line and connections prove correct, the defect is in the 
tank nnit, vliich must be changed. 

Caution 

Defective tank units are very rare ; therefore, inspect carefully the 
gauge head, air line, and connections, as the trouble is more likely to be 
in one of these units than in the tank unit. 

It is frequently thought that the calibrating wires are for the purpose 
of regulating the height of the liquid when replenishing. This is incorrect. 
They are solely for the purpose of cahhrating the unit when manufac- 
tured, as stated above. They must neither he removed nor added to on 
any account. When the unit is overhauled for any purpose, these wires 
should be cleaned from any corrosion so that their correct value is 
restored. 

Other types of eleetrically-operated petrol-level and oil- pressure gauges 
are dealt with in another section of this volume. 



FUEL PUMPS 

By JOHN L. P. PINEXEY, M.S.A.E.E. 

I N the days when petrol tanks -vv'exe fitted behind the dashboard and 
at a height above the carburettor, it v^as a simple matter for the 
carburettor to be kept continuously suppHed \rith fuel by means of 
gravity feed. This position of the petrol tank -vras dangerous for 
the passengers in the event of an accident causing a fire, and it also 
interfered with the designers’ progressive attempts to smooth out the 
lines of the bodywork. The ultimate position of the tank was either 
at the rear of the car or under one of the seats, but these positions were 
at a lower level than that of the carburettor, so that gravity feed was 
out of the question. This new position, then, necessitated some form of 
forced feed or else a method whereby the petrol can be lifted up to a 
level above that of the carburettor. Various methods have been adopted 
to achieve this, and one of the better known was by means of the Autovac. 

THE AUTOVAC 

This method makes use of a small tank fitted underneath the bonnet 
hut above the level of the carburettor. The top of this tank is comiected 
to the main petrol tank by a copper pipehne. The bottom of the Autovac 
is connected to the carburettor in the same way, so that if this tank is 
kept supplied with petrol from the main tank, the carburettor will he 
fed by gravity. But since the Autovac is above the level of the main 
tank, some means must be applied to force the petrol from the main tank 
to the Autovac. This is achieved by applying a suction to the Autovac 
hy connecting the top of this to the induction side of the engine. 

How it Works 

By referring to the la3^oiit of the Autovac, it will be seen that the 
tank consists of two containers, an inner or vacuum chamber and an 
outer or gravity feed chamber. Inside the inner chamber is a fioat, 
which is connected by a rod to a fulcrum arm Avliich operates the air 
valve and the suction valve. At the bottom of the inner chamber is a 
petrol-release valve. With the engine running, a vacuum is applied to 
the inner chamber which causes petrol to be drawn from the main tank. 
As the inner chamber becomes filled with petrol, the float rises, causing 
the fulcrum at the top to close the suction valve and to open the air 
valve. The collapse of the vacuum allows the weight of the petrol to 
M.n.o. IV. — 5 65 
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force opeu the petrol- 
release valve at the 
bottom, the petrol then 
flowing into the outer 
chamber and thence by 
gravity feed to the car- 
burettor. With the 
emptying of the inner 
chamber, the float 
drops, the vacuum valve 
opens, and the air valve 
closes, thus allowing the 
above cycle of events 
to be repeated. 



Maintenance 

This fuel pump is 
very reliable and needs 
very little attention, 
but the following points 
should be observed. 
All pipeline connections 
must be kept tight, as 
the smallest leakage will 
prevent a vacuum being 
formed. This also 
applies to the top plate 
of the Auto vac, and if 
this is removed at any 
time it is important not 
to damage the cork 
packing and to see that 
no dirt is between the packing surfaces when reassembling. It must also 
be replaced in the same position, otherwise the air transfer hole null be 
blocked, resulting in a inysteiions failure. 


Fi(j. 


1 -The i^UTOYAC, SHOWIN-Q I^JTEJtJSAL AllRANGB- 
I£ENT 


Cleaning Required 

The petrol strainer situated on the top of the Aiitovac in the main 
supply coupling should occasionally be removed and w'ashed in (dean 
petrol, and the gauze dabbed with a stiff brush to rcmcnT^ dirt. b(‘e that 
the air vent in the main tank is open, otherwise the suction may 
cause the collapsing of the tank. Occasionally clean tlie faces of the 
valves, since any duff' or dirt on them will prevent the pumj) from 
working. 
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MECHANICAL PUMP 

A yery popular type of pump is the pressure pump Avhich is 
mechanically operated by the engine. The engine must be specially 
designed to take the pump, since this is operated by means of a cam on 
the engine camshaft. Projecting out of the side of the pump is a lever 
■which rests on the cam, so that the eccentricity of the cam forces the 
le'ver up and dovm. This movement transfers the pumping motion to a 
diaphragm made of petrol-resisting material to maintain a pressure of 
approximately 2 lb. per square inch. Above the diaptiragm is a fuel 
chamber having a suction valve and a dehvery valve. When the engine 
cam operates the pump lever, the diaphragm is forced downwards and 
produces a vacuum or suction action in the fuel chamher. 

What the Vacuum Does 

This vacuum draws the delivery-valve disc on to its seating, and at 
the same time the suction-valve disc is drawn off its seating. The 
vacuum is then displaced by petrol drawn in past the open suction 
valve. On the return stroke the diaphragm is forced upwards, and the 
pressure on the petrol in the petrol chamher forces the suction-valve 
disc on to its seating whilst the (ieliver3^ valve disc is forced off its seating, 
allowing the petrol to. pass out on its way to the carburettor. 

Precaution to he Taken 

With one type of this pump it is possible to fit the pump on the 
engine with the lever under the cam instead of at the top. With the 
pump in this position, the engine will not start, but the lever is liable to 
be broken, so care is required to see that the lever is in its correct position 
in relation to the cam before attempting to start the engine. 

Testing the Pump 

To test this type of pump, a fuel-pump test stand is available, which 
comprises a cast-iron upright stand with a pressure gauge reading up to 
either 8 or 10 lb. per square inch ; two short lengths of rubber hose, 
complete with couplings ; a glass sight gauge ; a stopcock and two 
lengths of copper pipe. The stand is fixed to the bench, and directly 
underneath it is placed a liquid container, such as a 2-gal. petrol can 
with the top removed. One length of the copper pipe is connected to 
the left-hand coupling on the stand, and the other end of the pipe is 
located almost at the bottom of the petrol can. The other length of the 
copper pipe is connected to the right-hand coupling of the stand, and 
the other end of this pipe also leads down to the petrol can, but need not 
reach the bottom since it is only the return pipe (see Fig. 2). 

Don’t use Petrol 

The can under the bench is filled with paraffin, since j)etrol is too 
dangerous to have about in open containers. The pump to be tested is 
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2. Test stand foe both EXECTRICAiLY and MEC:irANICALLY Ol'EltATED PHJEPS 


fitted on. the stand by means of the ‘wlngniits provided, selecting the 
fixing holes in the stand to suit the holes in the flange of the pump. 

Connecting the Pump 

The outlet side of the pump is connected to the riglit-hand coupling 
of the stand by means of the short length of rubber hose. This side 
leads to the glass sight gauge. The inlet side of the puni]) is connected 
to the coupling on the left of the stand. It is essential that all of these 
connections are made airtight, otherwise misleading results will be 
obtained and the pump may not work. 

Testing the Pump 

To test the pump, the operating lever is given three or four strokes, 
when the pump should prime. The pump should be self-priming, and 
should not need priming from an outside source. Another ten or twelve 
strokes of the lever should cause the pump to deliver fuel. This can be 
checked by looking through the sight glass. After this test, a pressure 
test is next given. 




PUEL PUMPS 


[VOL. IV.] 69 


Test for Pressure 

The cock below the sight glass is closed and the operating lever 
depressed until a pressure of from. 4 to 6 lb. per square inch is indicated 
on the gauge. The pump should be capable of holding this pressure for 
several minutes without much fall of pressure. 

Another method of testing is hy means of the A.G. Test Gauge, full 
particulars of which are given elsewhere. 

If Pressure Falls 

A rapid fall of pressure indicates an air leak or faulty valves, and to 
locate the source all connections should be tried for tightness. After 
testing, the inlet coupling is removed and the pump is tilted so that the 
paraffin in the pump will drain out ; a few strokes of the pump lever 
will soon empty out all the paraffin. 

This type of pump can he fitted below the carburettor, thus permitting 
down-draught carburettors, which are fitted high up. 

ELECTRIC PRESSURE PUMPS 

The S.U. Pebrolift 

The trend of present-day progress seems to point to having everything 
on the car electrically controlled. This relates to petrol pumps, which 
are operated solely by the current from the battery and they are wound 
to operate from either 6- or 12-volt circuits. One of the best Imown of 
these pumps is the S.U. Petrolifb. Its action is a reciprocating motion 
of a plunger in the centre of a solenoid coil. This coil is connected across 
the car battery, and the circuit is completed by way of two contacts wffiich 
are magnetically operated by two permanent magnets (see Fig. 3) . 

Action of the Pump 

The working of the pump is as follows : The plunger is of brass, with 
an iron ferrule at its upper end. The rocking make-and-hreak action 
of the two contacts is operated b^' means of two U-shaped permanent 
magnets. One of the magnets is close to the top of the contact rocker, 
and the other magnet is near to the bottom of the rocker. When the 
plunger is at the bottom, the iron ferrule is across the two poles of the 
lower magnet, thus causing the top magnet to draw the top of the rocker 
towards it. This brings the two contacts together and the circuit 
through the solenoid coil is completed. The energising of the coil 
draws the plunger up the barrel, and the position of the iron ferrule is 
changed from the lower magnet to the top magnet. This will also change 
the pull on the contact rocker from the top to the bottom and the contacts 
will be opened. When the contacts open, the circuit through the solenoid 
coil will be broken and the plunger will drop. But as soon as this occurs, 
the top magnet becomes free and draws the two contacts together again, 
and the above action is repeated. 
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F iff . 3. — The S.TJ. Petkolift 

Showing internal construction with the parts in their order of assembly. The aetioii 
of the punap is hy means of tli© to and fro motion of the plunger in the cent re of the 
solenoid coil. The coil is connected across the car battery and the circuit is completed by 
way of two contacts which are magnetically operated hy two permanent magnets, 
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How the Petrol is Conttolled 

The reciprocating motion tlins set up causes the petrol to he sucked 
up through two valves into the liollow^ stem on its to the float 
chamher at the top of the pump. Prom here it is gravity fed to the 
carburettor. When the float chamber fills up faster than the carburettor 
can deal vdth, the pnmpiiig action is automatically stopped. This is 
brought about by means of a hairpin loop fastened to the cork float. 
When, the float is at the top — that is, when the chamber is full of petrol — • 
the hairpin loop holds up the plunger, and the iron ferrnle continues to 
short out the poles of the top permanent magnet, thus causing the 
contacts to remain open until such time as the petrol is used up and the 
float drops. 

To Stop Sparking at Contacts 

To suppress the sparking at the contacts at break, a non-inductive 
resistance is placed across the winding and contacts to absorb the 
inductive voltage. 

Servicing of Pump 

There is very little to go wrong in the working of the pump, and the 
only trouble likely to occur is the sluggish action of the plunger through 
sticking, and the choking up of the filter which is situated at the bottom 
of the pump. After servicing the pump, it will be necessary to prime 
it by pouring petrol in after removing the top. 

The S.U. Electrical Pressure Pump 

Another type of electrically controlled pump which is fitted on present- 
day cars, is the S.U. pressure electrically controlled type of petrol pump, 
and it is of the diaphragm type (see Fig. 4). 

Construction of Pump 

Its action is similar to that of the niechanical pump. Whereas the 
mechanical pump has its diaphragm operated by a lever in conjunction 
with the car engine, this pump has its diaphragm operated means of 
energising a solenoid coil from the car battery. The lower part of 
the pump, which is of brass, is the petrol -pumping chamber containing 
the filter, an outlet and a discharge valve, and two couplings. On top 
of this chamber is the diaphragm, which produces the pumping action 
and which also makes a petrol -tight seal between the pumping chamber 
and the electrical portion of the pump. Fixed to the centre of the 
diaphragm, by means of a hrass disc at the bottom and a steel disc at 
the top, is a bronze rod which passes to the top of the pump and is screwed 
into the contact mechanism. The steel disc also acts as the moving 
armature in conjunction with the pot magnet. Between the pot-magnet 
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Fig, 4. — S.U. PdETRor, PUMP 
Showing internal construction and connections. 


Make-and-break Action 

On the top of this housing is a round bahelite moulding or j)latforin 
spaced a distance of in. above the cast-iron top of the housing l)y four 
balcelite legs. It is for this reason that this hakelite comj)onent is often 
called a four-legged stool. Mounted and fixed on to this jilatform, and 
on to the legs, is the entire make -and -break action. Laid flat on top of 
the platform is a spring strip with a single or a double contact point at 
one end, whilst the other end is anchored down by a terminal screw. 
The contact on this spring is facing downwards and is centred over an 
oblong hole cut away in the platform. Underneath the platform and in 
line with this contact is another contact fixed on a rocker arm. Tiio 
other end of this rocker arm is hinged to the outside of two of the four 
hakelite legs. Also hinged to these two legs, but on their inside faces, is 
another rocker arm. In the centre of this arm is a screwed pivot, and 
into this is screwed the bronze rod which passes through the centre of 
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tke magnet and 'v^kicli is fixed to the diaphragm. These two rocker 
arms are entirely independent of each other, and to transmit the moye- 
ment of the one with the bronze rod fixed to it, to the other having the 
contact, the two arms are connected together by means of two small 
spiral springs. 

Internal Connections 

One end of the magnet winding is connected to the anchoring 
terminal screw of the top spring contact, and the other end of the magnet 
winding is attached to a long screw which acts as the main terminal and 
which also secures the bakelite cover enclosing the make-and-break 
action. To complete the circuit, the rocker arm with the contact is 
earthed to the casting by means of a flexible wire connected to a screw 
which passes through the bakelite platform to the casting. This screw 
and another one on the opposite side of the platform hold the platform 
in its place. 

How it Works 

When the pump is at normal the tw^o contacts are together, and 
when the ignition switch on the car is on,” current passes through the 
magnet winding of the pump, thus energising the magnet core. This 
magnetisation attracts the steel armature, and as this armature is fixed 
to the diaphragm, the diaphragm is moved in the same direction’, thus 
causing a vacuum in the pumping chamber. This vacuum draws in 
petrol through the suction valve into the chamber. Just before the 
armature has completed its journey to the magnet core, the bronze rod 
connecting the diaphragm to the rocker arm throws over the make-and- 
break action and separates the two contacts. The opening of these tw^'o 
contacts breaks the circuit through the magnet coil, and by means of a 
spring situated between the armature and the end of the magnet winding 
the diaphragm is forced back to its original position. x4.s it does so, 
the petrol in. the chamber is forced out through the delivery valve into 
the carburettor. At the end of this stroke the make -and -break action 
operates again and brings the contacts together, the action being 
repeated. 

When Petrol is not Needed 

If the carburettor is not in need of petrol, the diaphragm will not 
return fully to the end of its stroke, since it will be pressing on the top 
of the petrol remaining in the pumping chamber. This will leave the 
contact points in the open position, therefore there will be no current 
passing through the magnet winding. 

Maintenance of Pump 

If the pump refuses to work, a test wdtli a voltmeter or lamp connected 
between the main terminal of the pump and the magnet housing will 
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verify whether current is resicHng this point. If current is indicated 
here, then hy transferring the test lamp, or voltmeter, to the top springs 
contact screw, leaving the other test lead on the housing, an indication 
will show that the magnet winding is complete but that the contacts 
are open. On the other hand, if no indication is given on this position, 
it does not necessarily indicate an open circuit on the winding, since, 
with the contacts closed, these two points are at earth potential. An 
examination of the contact points will show whether these are making 
contact or not. 

Dismantling Pump 

If after this examination the points are seen to be open, it may be 
that the end of the primary acting rocker arm may be resting on the top 
of the magnet housing, as this would limit the travel of the rocker arm 
and prevent it from throwing over. If there is space left betw^een the 
rocker arm and the top of the housing, the indications are that the 
distortion of the diaphragm is preventing the complete return of the 
armature, and this will make it necessary to undo the six fixing screws 
on the base of the magnet housing and remove the pumping chamber. 
This will reveal the diaphragm, but it will Tbe found that it is sticking to 
the magnet housing. With a knife, carefully loosen the diaphragm off 
the housing, taking care that the brass rollers do not drop out. 

Remove the Hinge Pin 

The pin which hinges both of the rocker arms to the two legs sliould 
then be removed and the pumping chamber refixed again by the six 
screws. After putting back the hinge pin, if the pump still refuses to 
work it will be necessary to dismantle the pump again to search for any 
dirt that may he jamming the moving parts. 

Adjustment of Make-and-break 

After the pump has been completely dismantled, it will he nec'essaiy 
to reset the position of the diaphragm so that the length of the bronze 
rod is correct for operating the make-and-break action. To do this, the 
diaphragm is screwed clockwise as far as it will go and then gradually 
turned back until a point is just reached wdien, by pressing on the 
diaphragm, the rocker arm operates. The diaphragm is then giv^en a 
further anti-clockwise turn corresponding to four holes. In ])ractice, 
however, it may be found beneficial to turn the diaphragm back for five 
holes. 

Testing the Pump 

The testing procedure for this pump is similar to that of the mechan ical 
pressure pump. The pump is fixed to the test stand and the two rubber 
hose pipes are connected to the inlet and outlet couplings of the pump. 
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ICake sure that the outlet of the pump is connected to the sight-glass 
side of the test stand. If the pxnup is connected to a battery of the 
correct voltage the pump should commence to deliver fuel. This can be 
verified by looting through the sight glass (see Fig. 2) . 

Pressure of Pump 

A pressure of 2 to 3 lb. per square inch should show on the gauge, 
and with the stopcock turned off and the pump disconnected from the 
accumulator this pressure should remain for several minutes, providing 
the valves are seating properly and that there are no air leaks in the 
pipelines or couplings. 

Paults indicated by Noise 

A noisy pump, whether electrically or mechanically operated, is a 
sure sign of an air leak in the suction side. Make sure that all joints are 
tight, and also see whether there is petrol in the tank. If the pump 
operates correctly but does not deliver petrol, remove and examine the 
valves for dirt or split seating. A slow-acting pump may he due to a 
blockage in the pipeline, ox else to a choked filter. 

Pump gets Hot 

Working under these conditions the body of the pump will get hot, 
since the winding will he in circuit for longer periods. 

Burnt Contacts 

If the resistance which is connected across the winding breaks down, 
severe sparking will take place at the contacts. Another cause for 
sparking is the malalignment of the rocker-arm springs, which causes 
tile contact points to wear at the sides instead of allowing the points 
to meet fully and squarely with each other. Yet another cause of severe 
sparking is the use of a 6- volt pump on a 12- volt circuit. This is a 
simple mistake to make although the pumps are stamped with the 
voltage on the top of the hakelite cover. 

Colour Coded 

These covers are also coloured to distinguish between 6- and 12-volt 
units, but when many pumps are lying about on the test bench, the 
covers are liable to become mixed. There is no need to he concerned 
about this happening, since the coil leads are also colour coded. When 
any doubt exists regarding the voltage of the pun;p, an examination of 
the ends of the coil where they emerge out of the magnet housing will 
decide. A 12-Tolt pump has a black cover and red sistoflex leads, 
whereas a 6-volt pump has a brown cover and green sistofiex leads. 

iufer artioles in this volume deal f%lly mth the serzicing and maintenance 
of all the leading types of fuel plumps. 



SERVICING PACKARD SIX, EIGHT, 
AND SUPER EIGHT, 1937-9 

THE ELECTRICAL EQUIPMENT 

O N 1937 ceirs, Autolite or Delco-E.emy 6-Yolt equipment was stan- 
dardised, with earthed positive pole and yentilated dynamo with 
comhined current voltage regulation. Different units are fitted 
to each of the three models, hnt all include solenoid starter switch, 
panel reading and beam indicator lamps, and twin horns (relay operated). 

Charging Circuits 

D 3 main.os are 3-brush type, with non-adjustable field brush, wired to 
regulator, the cut-out unit having shunt and series windings. 

Dynamo A terminal is common to the armature and field (live nega- 
tive). Terminal F is field positive, and GRD"' is ‘'ground^’ or 
earth. F terminal is wired to field terminal of regulator where the circuit 
is completed to earth via closed contacts with parallel resistance. Note 
that field current traverses the series winding of the right-hand regulator 
unit and through hoth pairs of contacts in series. 

When ignition is switched on, the shunt winding of this regulator is 
energised. As the dynamo huilds up voltage, the cut-out closes, and 
current from terminal A passes through the cut-out series winding, 
closed cut-out contacts, and both series windings of centre regulator to 
battery line. Voltage rise on the “ ignition ’’shunt winding of right-hand 
regulator (battery volts on charge) attracts armature, se])arating the 
points and by -passing the field current to earth via resistance. Tlie field- 
current rise energises the series winding wdth the same efTcct. The centre 
regulator operates when the main current exceeds 28-30 amps. 

Do not test on open circuit, as there is no dynaino voltage control. 
Pressure on load between terminals GEN ” and QliD ” should be 
7 '45-7 *55 volts with dynamo and regulator hot. 

To increase the voltage, tension the spring by bending lower spring 
hanger. The air gap should he O-OG-O-O? in., with fibre bumper barely 
touching contact spring post. Contacts should open 0-0 35-0 -25 in. 
(Adjust by bending armature stop.) Gap between fibre bumper and 
contact spring post, with armature up, should be 0-008-0 -01 3 in. (Adjust 
by bending upper armature stop.) Contact pressure, 3 J oz. at moment of 

7G 
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opening. (Bend upper contact spring to adjust.) Cut-out closes at 6-5-. 
7 volts. Air gap, 0-018-0-022 in., points closed. Contact gap, 0*018-- 
0*025 in. 

To avoid breaking the seals, check dynamo first by earthing F terminal 
when charge should register. If no charge is indicated, disconnect cables 
and repeat with voltmeter between A and OD : voltage reading now 
showing exonerates dynamo. Check wiring for earths or replace regulator. 
Verify battery voltage between regnlator terminals Batt ” and '‘GRD,"’ 

Lighting Circuits 

Cars in this country have side lamps wired in parallel with rear. The 
push-pull panel switch controls all lights, headlamps having a thermo,- 
static circuit -breaker in series, which operates by heat distortion of bi- 
metal blade. A 20-amp. fuse protects rear lamp (and side lamp) lines, and 
a second 20 -amp. fuse is incorporated in accessory feed. 

Headlamps have dual-filament bulbs controlled by foot dimmer 
switch. Also connected to the switch are panel indicator lamps to show 
beams in circuit. Reading lights are fed via ignition switch together with 
stop lamps and fuel gauge. Roof lamps and cigar lighter are fed via 
accessory fuse. 

Auxiliaries 

Accessories are fed via 25-ainp. fuse on lighting switch, and fittings 
vary according to model. Radio is wired separately from ammeter with 
separate fuse. The defroster and heater are controlled by separate 
switches and fed via the ignition. 

Horns 

Horns are connected in parallel to the relay unit. Feed is via cable 
21 from battery terminal of starter switch, and cable 20 contiects the relay 
to steering-wheel button. If horns fail, earth the S terininaL of relay 
when response of horns indicates break in button cable or Faulty biitt(,)n. 
Connect B terminal to the horn feed. If horns are now sound, relay is 
faulty. (A click on pressing button indicates relay solenoid movement 
but faulty contacts.) 

Starter 

The starter solenoid switch is provided with a button for manually 
closing main contacts if failure occurs. Check panel push and wiring by 
bridging terminal 7 A to battery terminal, when solenoid and starter 
should operate. 

12-volt Equipment 

Cars fitted with 12-volt Autolite equipment have the same genera] 
arrangement as 6-volt installations. Two resistances are incorporated, 
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one in series with, the feed cable to petrol gauge, and the other in line to 
cigar lighter, these units being identical with those fitted to the 6-volt 
equipment. 

The Petrol Gauge 

In the case of the petrol gauge, note that cable No. 27 is connected to 
the feed side of resistance, this being connected in the gauge circuit only. 
The cable enters a harness, and two sphce joints are made inside chassis 
harness, one feeding stop-light switch and the other the reverse-light 
switch, these units receiving 12-volt feed. 

In the case of the cigar lighter, resistance is in series with No, 8 cable 
connected to auxiliary fuse. A second cable from the same fuse feeds 
body circuits, roof lamps, and the like. The foregoing applies to Super 
Eight models. 

In Six and Eight models, petrol gauge resistance is in series with No. 13 
cable feed from ignition switch, cigar-lighter resistance being in line from 
fuse to lighter. 

All other equipment is designed for direct 12-volt working. The 
voltage and current regulator unit operates at about twice the figures 
given for 6-volt units. Dynamo voltage should therefore be about 
15-15*6 when charging. 



HOW TO READ AND USE CAR-WIRING 

DIAGRAMS 

By E. T. LA.WSO:^[ HELME 

T O the automobile electrician, the ability to read, dra^Y, and under- 
stand a circuit diagram is important- A definite code of symbols 
with universal meanings has been evolved to indicate certain features 
and, although diagrams vary in complexity from a simple technical 
layout to the latest American practice of photographic plans, the symbols 
always indicate specific combinations. 

The Pictorial Diagram 

Some diagrams are more informative and comprehensive, according 
to the uses they are intended to serve. A pictorial layout, such as may 
he found in the majority of instruction books issued for car owners, shows 
the terminals to which each wire is to be connected. 

A system of colour identiication is used on all modern cars, the braid- 
ing carrying the colour combination being extended throughout the whole 
length of the cable concerned. The code is usually indicated in the dia- 
gram, and although the relationships of colour and cii’cuit are not the 
same in all models, any given colour is associated with the whole of 
the circuit to which it applies. 

For example, red is commonly used for side- and rear -lamp wiring, and 
it will be found that all wiring serving these sections is similarly marked, 
starting from the feed terminal of the switch and continuing to each 
destination, including all connections to fuse-box, etc. 

The Technical Diagram 

The other extreme in wiring diagrams is a technical diagram in which 
all pictorial representations are replaced hy symbols, wiring being 
indicated by direct lines, not necessarily dravm to show the disposition of 
Aviring on the vehicle. Colour coding and marking is largely dispensed 
Avith, the identification of circuits being obAnous from the manner in Avhich 
they are dravm. 

Each type of diagram serves its individual purpose, the most useful 
from all vieAA'points being a combination of the tw^o types, from Avhich 
may be discerned the internal connections of unit components, and also 
the disposition of circuits, terminal mariings, and colour identification 
of cables in harness, and other data embodied in pictorial layout. 

M.R.o. IV. — 6 81 
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Ficj , 1. — Circuit diagram, showing ariian-giomdnt op standard headlatvips with 

DlPPmO IIKPXBCTOR. INI THK ISKARSIDD lAMI* 


How to Read a Diagram 

Fig. 1 is an example of a circuit diagram containing specimens of both 
technical and pictorial presentation. It shows the arrangement of stan- 
dard headlamps with dipping reflector in the nearside lamp, the offside 
lamp being controlled through the dipper unit. The mimbered arrows 
indicate features of the diagram which, by the way in which they are 
drawn, convey definite information. 

The Battery 

The battery (1) is shown by alternate light and heavy lines, each 
pair representing the positive and negative groups of one cell. The 
longer thin lines represent the pjositive groups and the shfirtcr thick lines 
the negative groups. 

Earth 

Thus the diagram shows that a 6 -volt battery of tlirec cells is fitted, 
with the negative end terminal connected to the chassis, j’raine, or 
earth — as indicated by (2). 

Starter Switch 

The positive-end terminal of the battery is connected by heavy starter 
cable to the starter switch (3), the thick line indicating starter circuit 
to this point. The diagonal line drawn between the starter-switch 
terminals has a significance in that it shows the switch to be double-pole 
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tyje — that is, the "bridging contact, is held off hotli terminal contacts 
simultaneously when the switch is ""‘ open/’ 

Dipping Switch 

Compare this 'vdth the dipping switch (4), where the diagonal hue is in 
contact with the terminal connected to earth at (5). This means that the 
make ” and break ” of the switch is betw’een the dipper terminal D 
and the bridging contact only, the switch being of the single-pole type. 

Single- and Double-pole Switches 

In practice, this difference is important : Supposing that we wish to 
test the insulation between the switch terminals and the metal body of 
the switch. In the case of the dipping switch, it does not matter whether 
the switch is open ” or closed ’’ when the test is made, as the moving- 
bridge member is attached to the E terminal and its insulation to frame is 
simultaneously tested with it. Where the starter switch is concerned, 
however, both terminals may be tested to frame and found clear of faults, 
but as the moving-bridge member is isolated w^hen the switch is off ” or 
open, insulation breakdown between this and the frame will not be 
detected, unless the switch is held closed during the test, when both 
terminals will indicate a fault, 

The Ammeter 

The ammeter is shown semi-pictorially at (6), hut the spiral line join- 
ing its terminals is a symbol indicating a solenoid or electro -magnetic 
winding. 

The Solenoid of the Dipper Unit 

The winding of the ammeter is a plain helix with no iron core, but the 
solenoid of the dipper -unit — ‘indicated at (7) — is wound on an iron core, 
this being shown by the two adjoining lines (sometimes the spiral line is 
drawn surrounding the parallel lines wDich indicate the iron core) . 

Resistance 

The zigzag or wavy line means a resistance or resistive winding with 
no magnetic induction, as at> (8), the resistance of the dipper unit. 

How Contacts are Shown 

Contacts. are shown in a variety of ways, the dipper contacts (9) and 
offside lamp contacts (10) being shown in one of the simplest forms. 

Fuse 

Where a break in the line, with surrounding radial lines, is dravm, as 
at (11), a fuse is understood to be inserted. Another method of indicat- 
ing a fuse is by two circles connected hy two crossed hnes ; as shown in 
Dig. 2. 
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Cable Connections and Cross-overs 

Where one line is shown crossing another by a loop, as indicated at 
(12), the two lines so drawn have no electrical connection, and have no 
actual cross-over, hut the symbol serves the convenience of drawing. 
An electrical connection may be indicated as at (13), where one line abuts 
on the other. 

Lamp Bulbs 

Lamp bulbs may be shown by a plain circle, a helix, or detailed as (14), 
from which we learn that centre-contact single -filament bulbs with earth 
return through the caps are used. 

Pictorial View of Switch Unit 

The rear view of the switch unit at (15) is purely pictorial, as it shows 
the relative terminals and markings but does not indicate internal con- 
nections or bridging, nor does it inform us what switching combinations 
are employed. 

The Meaning of Series ” and Parallel’ 

The terms series ’’ and “ parallel ’’ are commonly used in describing 
electrical circuits : a clear understanding of how they are applied is very 
necessary. Briefly phrased, when two or more parts of a circuit are 
connected in a continuous path they are in series, and when these parts 
are all individually connected between the terminals of the supply they 
are described as in parallel,” or, as it is sometimes said, shunted 
across ” each other. In series connection, the current flowing through all 
components is governed by the total resistance of the composite circuit, 
while in parallel connection each component receives nominally the 
terminal voltage of the supply and passes current in j)roportion to its 
individual resistance. 

Examples of these connections are seen in Fig. 1 in the dipper unit, 
where current flows through the solenoid (7), resistance and contacts (8) 
and (9) together, and the fuse, in series. The resistance and contacts, 
although in series with the circuit, are in parallel with each other, or in 
‘^parallel-series ” with the circuit. 

The headlamps are in parallel with each other, both being connected 
to the positive terminal of the dipper unit and both having earth-return 
connection through bulb caps, hut the offside lamp has the lamp contacts 
(10) in series. 

It should also be noted that every circuit is complete, starting at the 
battery positive terminal and finishing at the earth connection, Avith 
common return through the frame to battery negative terminal. 
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Jt'ig. 2. A TYPICAJj \VIRI:NG PIAGRA^M EOR CAJI with third -BH t'SH DTXAMO 

Showing the Lacas 1 2- volfc electric lighting, starting, and coil-ignition equipment on 
the Wolseley 10/40 h.p. and 12/48 h.p. 
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TRACING CIRCUITS 

We have explained some of the symbols met with in car-wiring 
diagrams and have traced out a typical car-lighting circuit. It is 
necessary, however, if we are to find our way about a complicated car- 
wiring diagram, to consider the other sections of the electrical system. 
The best method is to subdivide the complete electrical system broadly 
into five sections : 

(1) The battery -charging circuit. 

(2) The starting -motor circuit. 

(3) The ignition circuit. 

(4) The lighting circuit. 

(5) The accessory circuit. 

THE BATTERY-CHARGING CIRCUIT 

The battery-charging circuit comprises : 

(1) The battery. 

(2) The dynamo. 

(3) The cut-out and fusebox. 

(4) The regulator, if any. 

(5) The ammeter. 

(6) The charging switch and wiring interconnecting the components. 

The circuit starts at the positive main brush of the dynamo and 

enters at the positive terminal of the battery. If the positive terminal 
of the battery is earthed, the positive dynamo brush is also earthed, the 
car chassis providing the positive path from the dynamo to the battery. 
If the negative of the battery is earthed, then the car chassis provides 
the negative return from the battery to the dynamo negative brush. 

Third -brush Dynamo 

A glance at the field circuit of the dynamo will tell us wdiether it is a 
two- or three-brush machine. 

A machine with three brushes will indicate that the current output is 
automatically regulated and kept practically constant by third -brush 
control (see. Fig. 3). We should then see if there are any resistances in 
the field circuit, located either in the dynamo itself or in the fusebox. 
If so, they will probably he controlled from the lighting, charging, and 
ignition switch on the instiniment panel. Changing the position of the 
switch alters the amount of resistance in the field circuit of the dynamo, 
reducing or increasing the charging current to the battery. The switch 
is usually arranged to give high and low charge, and when the head- 
lamps are switched on the dynamo is connected to give its maximum 
output [see Pig. 4). 

Alternatively, we might find other modifications of the third-brush 
control, as described on pp. 6-10. 
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The cut-out is shown in semi -pictorial form, to illustrate its operating principle. Com- 


pare with the technical diagram of the cut-out in the next Pig. and Pig. 2. 



SWITCHES 


This is the circuit diagram as traced out from the actual car-wiring diagram in Fig. 2, 
the field swatches being incorporated in the lighting, charging, and ignition switch. 
Their operation varies the anrount of resistance in t'ic lield circuit and thus the cliarging 
rate of the dynamo. Low-charge position: Fl and F2 off. High-charge position: 
FI on, F2 off. Maximum output (headlamps on) : P2 on, Fl off. 
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Ng. 5.— Typical w I BIN c; diaijram PuJt cap. \virii two^hhi'sh J)Vnamo and c< > 
V'(}LTA<;EJ rONTKOL (VaCXIIALL 10 H.IL) 
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The Cut-out 

An automatic cut-out is an essential component in anr charging 
circuit , and its purpose is to prevent the hatterv discharging back through 
tlie dynamo when the engine is stationary or operating at slow speeds. 

The cut-out consists of a soft-iron core with windings — one a 

voltage winding of fine wire and the other a series '\\inding of heavier 
wire. The fine-wire winding is connected across the dynamo terminals. 
This winding is, therefore, excited whenever the d^mamo is generating 
any current at all. The heavy-current winding is a series winding 
through which the current between the d^mamo and the battery j)asses 
VYhen the cut-out points are closed. With closed points the battery- 
charging circuit is completed. 

Eig. 3 gives a diagrammatic representation of a charging circuit with 
a thiid-hrush machine. 

If the dynamo speed drops to a point where the voltage of the dynamo 
is less than the voltage of the battery a reverse current would tend to 
flow. Immediately this happens, however, an opposition will be set up 
between the shunt coil on the cut-out and the series coil. Since the dynamo 
voltage is low the effect of the shunt coil is w^eak, the result being that 
the series coil will change the polarity of the cut-ont core, demagnetising 
the cut-out core, releasing the plate and opening the cut-out. 

Two-bmsh Dynamo 

If the diagram indicates a two-brush dynamo, w^e may expect to find 
ail external regulator (combined with cut-out) for controlling the voltage 
aiid/or current of the dynamo. There are many types of regulator to 
be found, as will be seen from pp. 2-6. 

An example of a charging circuit incorporating a compensated 
voltage regulator, which automatically varies the output according to 
the load on the battery and its state of charge, irrespective of the speed 
of the dynamo, is shown in Eig. 6. The regulator is combined 
structurally with the cut-out. Tlie two units are, however, electrically 
separate, employing separate armatures, though they possess field 
systems which are common over a portion of the magnetic path. The 
regulator windings consist of a shunt or voltage winding connected 
directly across the dynamo, and two series or current windings, one of 
which carries the full current from the dynamo to the battery, wiiile the 
other winding carries the current of the lighting, ignition, and accessory 
loads. These coils assist each other in energismg the magnet system 
and thus in affecting movement of the armature. 

When the dynamo voltage reaches a A^alue determined by the state 
of charge of the battery, the magnetic field due to the voltage winding 
becomes suffieiemtly strong to attract the armature. This causes the 
contacts to open, thereby insetting the resistance in the field circuit. 
This reduction in field current lowers the dynamo voltage, and this, in 
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Fig. 6. — Charging ciRcuir op car with two -brush dynamo with compensated yoltage 

CONTROL 

The regulator is shown in semi-pictorial form. Compare with the technical diagram, 
Fig. 5. 


TERMNALS lb/ JUNCTlOb/ BOX’ 
OR SmrCHBOX connected 



Fig. 7. — A TYPICAL coiL-iciNmoN (jirc’lit 
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turn, weakens the magnetic field due to the Toltage coil. This aEows 
the armature to return to its original position, thus closing the contacts, 
so that the voltage returns to the predetermined maximum. The cycle 
is then repeated and the armature is set into vibration. 

As the speed of the dynamo rises above that at which the regulator 
comes into operation — about 20 in.p.h. — the dynamo output undergoes 
practically no increase. 


THE STARTER CIRCUIT 

The purpose of the starter is to provide the initial turning of the 
car engine for starting. The current taken by an average starter is 
from 150 amps, up to 400 or 500 amps, if the engine is cold or stiff. 
Since the dynamo output on the average car is from only about S to 
20 amps., the starter must take its supply from the battery, which must 
be so constructed as to deliver the requisite heavy amperage. 

The ammeter on the dashboard is never connected to record the 
starter current. 

In the simplest form the complete circuit is from the battery positive 
terminal to earth (assuming a positive earth system), from earth to the 
positive brush, armature, the series-parallel field windings, starting 
switch, and battery negative {see Tig. 2). 

A refinement of this circuit is the remote-control system illustrated 
in Tig. 10. In this case only a small current flows through the button 
switch, this current being used to energise an electro -magnet which 
closes the main starter switch, which is usually built on to the starter 
motor. 


THE IGNITION CIRCUIT 

The modern car is provided with battery and coil ignition, which it 
will thus be appropriate to consider. The circuit is from the positive 
battery terminal when the car is stationary or running at slow speeds, or 
from the positive dynamo terminal when the dynamo is running at a 
speed sufficient to charge the battery. The complete connections are 
given in Tig. 7. There are two circuits, namely, the primar}’- and 
secondary. 

The Primary Circuit 

This circuit consists of battery, switch, primary winding (of the 
high-tension coil), and contact-breaker, all connected in series. 

In the single-pole system now universally ado^Dted. one pole of the 
battery (either positive or negative) is connected to '‘earth/’ i.e. the 
metal frame of the car. The fixed contact of the contact-breaker is also 
the one usually earthed. 
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8. — The complete iGNirioiT circuit of car fitted with compensated voltage:- 

CONTROLLED DYNAMO 

Note the accessories connected via the ignition switch. 



Fig. 9. LiCHTTNGAND ACrESSOKIIiS <.’ON- 

NECTLU VIA THE AMMI^TEU ON ('Alt 

pitth:d with c om pens ate: i> volta(je- 

CONTiiOLLED DYNAMO 


BUTTON 



Fi(f. hi. -i>IA(;RAM OF .KKMO'I'E-OPEJIATEI) 
START Lit (TROt 'IT 
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The Secondary Circuit 

The secondary circuit consists of a very large number of 'bindings 
of fine wire in series with the rotating arm of the distrihntoT and, at its 
other end, connected to one end of the primary coil. The sparking 
plugs are in turn connected by means of the rotating distributor arm 
and its contacts to the secondary coil, the circuit being completed through 
the ' ‘ earthed ’ ' side of the sparking plug ; the outer metal shell of the 
latter is in metallic contact with the engine and thence to the frame of 
the car. 

HOW TO USE A CIRCUIT DIAGRAM IN TRACING A FAULT 

Fig. 11 is a practical example of using a circuit diagram in tracing a 
fault. A motor-cycle, left standing with lights on, is found, on restarting, 
to develop a fault which causes cut-out sparking, which disappears when 
the cut-out contacts are held closed by hand. The machine functions 
normally "vvhen no lights are in use. On checking the dynamo voltage, 
this is found to have reversed polarity^ but is corrected by exciting the 
field through the cut-out. How does the dynamo field become reversed 
when lights are in use, but not otherwise ? 

On inspection we find that both headlamp and pilot lamp earth con- 
nections are made to the lamp shell. The dynamo, battery, and cut-out 
are earthed direct to the frame. Signs indicate that battery current is 
flowing back through the field to third brush and frame via armature, but 
only when lamps are in use, therefore the field must he in series with the 
lamps. The diagram is purposely simplified, representing only the sec- 
tions affected. If the connection between lamp shell and frame has 


94 [TOL. IT.] ELECTEICAL AKD ACCESSOEY EQUIPMENT 

mefficient conductivity, introducing unwanted resistance into the lamp 
return circuit, current can reach the frame by flowing through charge 
resistance and switch in parallel (if closed), via field cable to winding 
and earth. In so doing, the field coil is energised in the reverse direction 
to that which obtains when connected across the armature in the normal 
way, with the result that, residual magnetism being reversed, the dynamo 
builds up reversed voltage and causes sparking at the cut-out contacts 
until this is corrected. 

The Use of Rough Circuit Diagrams 

A puzzling fault will often become clear if a rough diagram — the 
simpler the better — ^is made of the installation as it appears, when the 
eye can follow alternative current paths, noting the possible effects in each 
circuit — ^in fact, building up a fault circuit to fit the symptoms of the case. 
This will establish a line of investigation which can be followed with far 
better chance of successful results than unsystematic searching, possibly 
in sections of wiring or circuits which, if seen in diagram form, would be 
obviously exonerated from connection with the fault. 

The practice of studying circuit diagrams will enable the electrician to 
learn much in advance about systems he may not yet have handled. 



WIRING FAULTS 

TESTING AND PRACTICAL ADVICE ON REPAIR 

Sy E. T. LAlVSOlsr HELME 

T he wiring of a Tehicle electrical mstallation forms tke inter- connect- 
ing linkage between the various units, which must, of necessit}^ he 
located at various positions on the vehicle according to their respec- 
tive functions. A central switch or control box is the converging point 
where the various conductor lines meet and are connected to suitable 
circuits, and from w^hich the units connected to the remote ends of the 
cables may be operated. 


WIRINfG SYSTEMS 

In practice two systems are used, with a third, combining the first 
two, occasionally to he met with. Each has individual fault possibilities, 
and a laiowledge of what may be expected is of great help in tracing faults. 

Double-pole System 

The double -pole system — now largely discontinued on passenger cars — 
is still employed in many commercial installations. It provides two 
separate insulated cables, one for outgoing current and the other for the 
return circuit, to each unit — ^neither cable being connected to the chassis. 
A switch in series with one of the lines controls the unit. Eig. 1 show^s a 
simple lamp and battery wired in this manner. 

Single-pole System 

The single-pole system, in almost universal use on private vehicles, 
provides a single insulated cable to carry outgoing current, the return 
circuit being provided by the frame of the car and the body of the unit 
which is attached to it. One terminal of the battery is connected to the 
chassis and the corresponding terminalof every unit is siinilarW '' earthed ” 
or “ grounded ” — terms which mean electrical contact with the chassis. 
Usually the switch and fuse (if fitted) are in series with the live 
conductor, as shown in the layout of lamp and battery in Fig. 2, A 
combination of the two systems is sometimes made for convenience in 
order to by-pass unsuitable chassis contacts, and the switch may equally 
well be in the earthed line, as showm in Fig. 3. 

The tendency now-adays is to connect the positive terminal of the 
battery to the earth, known as the positive earth system of wiring, or 
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1. — Double -POLE ob insxtlated betuen wibing 
STSTEM 


The dotted lines shoi^^ possible faults. 



Fig . 2 . — Single -POLE system 


One terminal of the battery being connected to thr 
chassis. The dotted line shows position of a fault, a;- 
referred to in the text. 



Fig . 3. — Single-pole sy^stem with switch inserted 

IN EARTHED LINE 


positi^re return. Com- 
p£tred with the negative 
connection to earth, 
this system reduces cor- 
rosion of the battery 
terminals, and increases 
the effective life of 
sparking plugs, coil 
windings, and the dis- 
tributor rotor, owing to 
lower electrical stresses . 

Short-circuits and Open 
Circuits 

Taking these 
systems in the simphfied 
form, let us classify all 
possible faults, with 
their effects and 
methods to be used 
in tracing. A "'short- 
circuit ” comprises an 
unintended by-pass or 
path by which current 
may return to the 
battery. The severity 
of the short depends 
on the mechanical cause 
and the added con- 
ductivity, varying from 
a damp insulator sur- 
face, which may pass a 
few micro -amperes, to 
a direct metallic con- 
tact across the battery 
terniinaLs, in which the 
magnitude of current 
flow would be limited 
only by the capacity 
of the battery to sustain 
the overload. An "open 
circuit ” consists of an 


unintended resistance in the path of the current, restricting its value below 
normal. This may also vary from a badly made connection, which becomes 
hot, to a complete break in the wire, rupturing the circuit completely. 
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Position of the Fault and its Effect 

The position of a fault decides its effect upon the performance of the 
circuit. For example, a ‘‘short” across the lamp terminals in Fig. 1 
would have no effect until the switch was closed, when the added 
corLductivity or reduced circuit resistance would cause an abnormal 
current to flow and the applied voltage would fail in proportion. A 
short across the switch terminals, however, w’ould only render the switch 
ineffective ; it could not cause increased current consumption, this being 
governed mainly hy the resistance of the lamp filament. 

If the short occurred across the battery terminal of the switch and 
“ earth,” as sketched in Fig. 2, its effect would be apparent whether the 
switch were open or closed, as the circuit then afforded is on the “ hve ” 
side of the switch and therefore unaffected thereby. 

An unintended earth contact is another form of short, its position 
governing effects. In Fig. 1 an “ earth ” on either switch terminal would 
not affect operation, unless another earth became established on the 
return line, when the two would form a short path, by -passing the lamp, 
the effect of switch operation depending on which switch terminal had 
become earthed. 

These simple illustrations indicate the basic principles of fault location, 
and should be thoroughly grasped by the student. 

The existence of a fault is known only by its effects, and we have to 
work hack from effects, taking into consideration all “ clues ” afforded by 
switch operation, isolating of sections, etc., until the original cause of the 
fault is located. 

Constant and Intermittent Faults 

When dealing with a definite fault of a constant nature, which 
manifests itself whenever the circuit is in operation, tracing is simplified 
and reduced to a systematic procedure of eliminating possible paths until 
the section at fault is found. If the trouble is intermittent, only occurring 
under certain conditions, tracing is rendered more difficult, especially if 
the contributory conditions cannot he reproduced at vill, or are undefined. 
It often happens that a fault of this nature gives inconclusive evidence, 
such as a short carrying a very small cun’ent, insufficient to visibly affect 
set performance beyond causing the battery to discharge slowiy over a 
period when there should be no circuit across it, and therefore no dis charge. 

Methods of Fault Testing for Short-circuits 

There are two methods available in testing, and these can be used 
according to the nature of tbe fault. 

Fig. 4 illustrates the first, in which a battery of the voltage normally 
used is employed, together with a sensitive instrument in series. A 
good voltmeter, known to be sensitive to small currents, is an excellent 
instrument for the purpose, as, in addition to its ability to indicate 
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Using a voltmeter as a resistance -limited miiliammeter, and a tost battery. 


minute current leakages, no damage is occasioned if a path of high 
coiiductivit 7 is closed across the circuit, the meter passing only the 
normal current it dra-ws at the voltage applied. The test circuit is shown 
connected to the common terminals of a number of accessory circuits 
protected by a single fuse. If we find that the fuse blows immediately it 
is connected in the circuit w^e know from this that a short exists which is 
unaiFected by switches and must therefore be situated at some point on 
the live side of the switches. 

With the test circuit connected as shown, the voltmeter, which is now 
functioning as a resistance -limited miiliammeter, will read a value closely 
approximating the apjplied battery volts when a new fuse is inserted. 
The effect is the same if the vehicle battery is normally used and the 
meter connected across the fuse clips in place of a fuse. 

We now disconnect, one by one, the lines in parallel with the supply 
until the reading falls to zero, when it is oljvious that the last line dis- 
connected carries the fault. Suj^posing cirenit No. 2 in Tig. 4 is located 
as the culprit, it is now necessary to narrow dovm the locality, which is 
done by reconnecting No. 2 cable to the fuseljox terminal and disconnect- 
ing the other end of the cable at the switch (switeli terminals on live side 
marked in black). If the reading continues, the location has been passed, 
and it is necessary to work back along the cable, inspecting it for insulation 
damage allowing the conductor to touch earthed metal. When the fault 
is disturbed, the reading will fall to zero. On the other hand, if dis- 
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connection at tKe switch clears tie fault we know that the calle is sound. 

With the switch open, continuation of reading when cable is recon- 
nected indicates either smtch terminal insulation to earth faulty, or 
formation of a track between switch terminals hy-passing normal contacts. 
IsTo further investigation is needed, as a sound SA\dtch bars the way to 
shorts in subsequent wiring or the unit. In the case of Ko. 5, we have the 
switch arranged in the dead line of the circuit — such as in horn circuits. 
Investigation here as far as, and including, the unit vdll reveal the cause. 
It cannot exist in the section from unit to switch, as a short to earth in 
this section would only carry the normal unit current and by-pass the 
switch. Current would be insufficient to blow the fuse, and the fault 
would manifest itself instead by the continuous operation of the unit, 
irrespective of switch position. 

The second method of testing employs exactly the same procedure 
except that an abnormal load is imposed on insulation by applying a 
higher voltage. Magneto-type insulation testers are safer and more 
efiective than a mains-voltage test lamp. The meter incorporated in the 
tester reads resistance, with infinity at the zero position. This method is 
especially useful for locating high-resistance shorts causing continuous 
battery discharge as referred to earlier. The higher voltage makes the 
test more searching, and intermittent or uncertain weaknesses break down 
under the strain, and the faults remain on ” long enough for their 
location to be traced. 




loa [VOL. IV.] ELECTEICAL AND ACCESSORY EQUIPMENT 
Locating Open Circuits 

Turning to the location of open circuits, we apply the same methods 
of normal and supernormal loading, Tbufc in this case we are dealing with 
current-carrying ability, or conductivity, rather than with insulation. 

A complete break in a circuit disables the whole section affected, 
wherever its locality. The standard battery is used, and a voltmeter or 
test lamp enables its position to be found. 

Pig. 5 shows a battery, switch, and lamp in series, the switch closed, 
but the service lamp inoperative due to an open circuit. The test lamp 
is shown connected to successive points, which, if taken in order, cannot 
fail to locate the fault. One lead from the test lamp is connected to 
common “ earth ’’ and the other applied first to point (1), when, if the 
lamp lights, we have established continuity of circuit from this point 
back to earth (E). The search is continued by testing in order at points 
(2) including switch, (3) cable from switch to fuse, (4) fuse, and (5) cable 
from fuse to lamp. 

Each point at which the lamp lights exonerates the preceding section, 
and the first point at which the lamp fails to light indicates that the seat 
of trouble has been passed between that point and the preceding one. 
Thus if (3) is alive but (4) is dead, the fuse section (fuse, connections, or 
clips, etc.) is open. 

Testing for Faulty Earth Section 

In practice, of course, time is saved by concentrating on weakest 
sections most likely to be at fault. The fuse and lamp bulb would be 
examined and tested first, and if these are in order and the search so far 
fails to locate the open circuit, we still have the earthed section of the 
circuit which may he at fault. To test this, the test-lamp lead is left 
connected at point (1) and the “earthed ” lead is connected to El, when, 
if the test lamp now lights, it indicates open contact betAveen battery and 
frame. Similarly, if there is no light with test Jamp E lead connected to 
E2, but light shows when the E lead is connected to frame, we have an 
“ open ” between lamp cap and frame. The relationshiy) between normal 
current carried by the circuit and that reejuired by the test lamp is 
important, this being the reason why a voltmeter is of little use in this 
particular test, as its current is so small that a faulty contmd., as distinct 
from complete 0/C (open circuit), would not show xap. The test lamp 
should be a worldng load equal to normal or preferably a heavier load, 
up to fuse capacity, when a high-resistance contact will reveal itself by 
local heating and subnormal brilliance of test-lamp illuinination. It 
must be clearly understood that adequate load is essential, as a mere 
indication of continuity, instead of conductivity, is of no practical value. 

Repairing Faulty Sections of Wiring 

The following practical hints on repairing faulty sections of wiring 
may be successfully applied on any system, and are intended mainly for 
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use on sections in which the damage causing the fault is not suflScient to 
justify replacement of the section as a unit, which might inrol^e a great 
deal of incidental labour, this being reckoned as a part of the total cost of 
replacement. 

Fig. 6 shows a typical wiring layout using a three-rate three-brush 
dynamo, CFR2 Lucas control box, P.L.C. panel s'^vdtch and panel assembly, 
dipping reflector headlamps, starter with solenoid switch, yoke mounted, 
and the usual auxiliary circuits of horn, screenwiper, and trafiSc signals. 
The units are showm only in outline as we are mainly concerned with the 
wiring. 

It will be seen that the majority of the wiring is contained in a com- 
plex loom ” or harness ’’ of braiding woven round the bunched cables 
and consisting of a main trunk comprising the panel — control-box — 
chassis-line group, branching off forward to front lamps and horn, rear- 
ward to signals, roof lamp, tank unit, and rear lamp assembly, and across 
the bulkhead to ignition coil, dipswdtch, and starter- Eubber-sleeve 
plug connectors are fitted in cables to lamps and connections to section 
enclosed in body panelling, while separate starter cables, panel inter-unit 
wiring, and body-line wiring is fitted. A separate cable also feeds the 
screenw-iper. This method of construction facilitates assembly and is 
now commonly used, varying with individual makes. 

Obviously, we caimot strip out and replace a w^hole section containing 
a fault, and it is necessary to locate and repair, or alternatively renew, the 
cables affected. Some parts of the loom are easily inspected and well 
placed out of the way of water saturation, oil, or mechanical ahrasion, 
while other sections are inaccessible or exposed to these elements. These 
demand our first attention, and the development of a keen eye for sharp- 
edged, badly-fitted clips, abrasion by moving parts, exposed wires, etc., 
is of immense value. The plug connectors are useful in isolating sections 
for individual tests, but they should be suspected where 0/C is the trouble, 
as water may enter and set up corrosion. 

Typical Heavy Short-circuit Location and Repair 

The following examples are tw'o typical jobs involving wiring break- 
down, with test methods employed and repairs carried out, the system 
being that illustrated in Fig, 6. 

A heavy short-circuit is noticed w^hen the battery is connected. Test 
procedure followed : connect 60-watt 12-volt lamp, in holder wdth heavy 
fiex leads, in series with battery and detached starter cable and place 
where light is visible from both sides of car. IsTote if ammeter reads 
5 amps, discharge, with all switches off. Ammeter reads, therefore fault 
is on A terminal line, and starter, solenoid switch, and main cable to 
ammeter are clear. Check by disconnecting A wire from ammeter, when 
light should go out. Reconnect w^ire at ammeter and disconnect A wire 
at control box. Light remains on, therefore fault is in section from 
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ammeter to control box. Inspection of loom under scuttle and manipula- 
tion causes light to flicker and sparks to be seen. Fault located in sharp edge 
of panel bracket cutting through insulation, and contacting Yore. Repairs 
effected by opening braid, taping damaged cable, taping loom and securing 
by strip-metal clip round loom, clip being fastened to bracket with screw. 

Another Example of Fault-finding 

Another example of fault-finding is given as follows : an auxiliary 
fuse in the control box is found to be melted when the driver reports 
failure of the horn. This is a typical case where efifects can be misleading, 
as several circuits axe fed by this fuse, the failure of which is discovered 
when the horn becomes inoperative but is not necessarily caused thereby. 
Test lamp connected across fuse clips is used to check circuits con- 
nected and to narrow down field of possible locations. Separate auxiliary 
fuse not affected, therefore lines fed via ignition switch are not concerned. 
Lamp lights when horn, screenwiper, stop '’-lamp, and roof-lamp 
switches closed : no light with switches open, therefore fault is on “ dead ” 
side of switches. -KTormal current of horn approx. 3-5 amps, and of 
screenwiper approx. 2 amps., therefore, using 12-volt 6-watt test lamp, 
normal illumination practically unaffected. With roof-lamp on, both 
this and test-lamp at about half normal illumination, indicating lamps 
in series and no short . With brake applied, test-lamp illumination about 
normal. Inspection of stop ’’-lamp bulb shows this to be 12-volt 
6- watt also. Inference is that short on stop ’’-switch to stop ’’-lamp 
section is by -passing current from test lamp to earth. Uerified by noting 
that stop ’’-lamp does not light with brake on and test lamp lighted. 
Examination of this section reveals fault in cable pinched under chassis 
clip, earthing both stop- and rear -lamp wires. Repaired by separately 
taping cables and enclosing in empire tubing, refitting clip to avoid chance 
of recurrence. 

The reader will see that had lights been in use a general short on side- 
rear would have also been revealed. This would confine investigations to 
areas where lighting and auxiliary cables run together and we should 
immediately suspect the stop ’’-rear section. 

Intermittent Open Circuit 

Thus we see that logical reasoning saves much unnecessary work. If 
the lamps flicker, all being affected, and no excess ammeter reading 
indicates a short, for example, we waste time if individual cables are 
stripped. Obviously the fault is an intermittent O.'C in the common 
feed and can only exist in the section from the battery to the lighting 
switch — not forgetting the battery earth connection. It is unlikely that 
the same fault would exist on each lamp line and as all are equally 
affected, we can verify by a test lamp at the common live terminal of the 
switch, when this will also flicker, proving that the cause lies in the section 
mentioned. 
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A FAILURE of the oil pressure would cause damage if the engine 
-w-ere allowed to continue to run. On most cars, the oil pressure is 
indicated by means of an oil-pressure gauge mounted on the dash- 
board. The disadvantage of this is that the pressure may fail without the 
driver being aware of this until his sense of smell warns him to look at the 
gauge. In the meantime, much damage may hav'e occurred which would 
not have happened if his attention had been attracted earlier. To avoid 
this trouble, a device is fitted on some cars which causes a warning lamp 
to light when the oil pressure drops below a certain minimum. 

To operate this lamp, an oil-pressure switch is fitted in the oil pipe. 
The internal construction of the switch is similar to that of the pressure 
gauge, that is, the pressure is imposed in a flattened-out metal tube. 
This fiat tube is bent round in a circle, and the i)ressure applied tends to 
straighten out the tube. This straightening movement is utilised to 
operate a pair of contacts, which are connected in series with the warning 
lamp. On first switching the ignition on, the warning lamp lights because 
the two contacts are together. When the engine is started, the building 
up of the oil pressure causes the tube to slightly straighten out, which 
separates the two contacts. Whenever the oil pressure drops below a 


fixed value, say 5 lb. per square inch, 
the two contacts come together and 
the warning light is lit. This will im- 
mediately attract the driver’s atten- 
tion, and he can attend at once to any 
adjustments that may be needed 
before damage is done. 

There is no end to the uses that 
this switch can be put to. For in- 
stance, the switch can be so arranged 
and connected that a failure of the 
oil pressure will open the ignition 
circuit. Naturally, when the engine 
is stationary, there is no oil pressure, 
and therefore a push-button is con- 



nected across the two contacts so 


WARNING 

LA/^P 


that the ignition circuit can be tem- 
porarily closed until the oil pressure is 
suficient to keep the circuit closed. 


Oi l - i* HKss r s w it ci i 

The warning lamp lights wlion oil 
p res.su ro fails. 
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DIRECTION INDICATORS 

THEIR CONSTRUCTION AND OPERATION 

By JOHM" 1. P. PIOTCNEY, H.S.A.E.E. 



JPig. 1. TjHE skeleton PORM of rHAFFICATOE \YirH TEE LAMP KEMOYPD 

The top metal strip forms the earth connection to one end of the lamp filament, whilst 
the other end of the filament is connected to the short length of flexible wire bj* means of a 
roimd clip. The spring which is attached to the bottom of the clip ensures a good earth 
connection to the top of the lamp by maintaining an upward pressure. The trafficator 
shown is the latest pattern, with two internal switches. 

P EACTICAXLY all cars are now fitted trafficators, so that a 
knowledge of their working is essential to all automobile repa irers. 

T^^pes in Use 

There are two types of trafficatoi's in use, namely, the hos or enclosed 
type and the skeleton type. The box type is mainly for use on goods 

lOo 
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Big. 2. — End op the 

TR.Ui'PICATOR arm: 

Part of the moulded 
window material has 
been broken away to 
show- the position of the 
tubular lamp holder, its 
(;oiiriection, and the pres- 
sure spring 'which forces 
the lamp up to the top 
of the arm so that this 
end of the lamp is in 
good connection with 
the earthed metal. 


veMcles iv'here no provision is"provided]to allow of recessing the trafS.cator 
into the coachwoxk. This type is also useful for fitting on cars having 
no width or depth suitable for cutting away to fit tlie skeleton type. All 
new cars turned out by the makers have the skeleton-type trafhcator 
fitted flush with the coachwoxk, as this makes a much neater job. 

Both types work on the same principle, that is, a signal arm is lifted 
up to the horizontal position by means of a soft-iron plunger drawn into 
the core space of a solenoid winding. 

Construction of Signal Arm 

The signal arm is made light so that it can be operated by a compact 
size of winding. If a heavier arm were fitted, it would be necessary to 
provide a larger winding to take a much greater current ; this would niake 
the trafficator larger and then difficulty miglit be experienced in finding 

Fig. II. ICvitT.'^ OF TJIAFFI- 
(VATOJl 

Thfi lir'st figure is of the 
(^Nf 1 jjcrtioii of the 
t ru Hi o lit »r aruii with the 
hold arid an anchoring 
clip for lli(? lU'xildc wire. 
Tli(' lower luiir iH serrated 
to obluiu a securo hold in 
the ruouldcd arm, 

d’hn si'foiid figiin^ is the 
Of )m{ )1( to}) of tlio arm 
with tlio cxtfuidiMl portion 
inouhlod in. The flexible 
wire can also ho sociisofnired 
to t he anc-horing cli|). 

d’lio third fig-uro is of the 
iron jolunttcr which is ov’al in 
H}ia})c. d'ho top part is the 
lirikago for the extended 
])orti<jM of the arm. 
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Two-waij Switch 
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AujdJian^ fuse 


Fig. 4. — The sooplest THAEriCATOH cutctm 



Fig. 5 . — Traeficator circuit with a WARjsiNa daep 

This lamp lights ^ia the solenoid winding of the inoperative trafficator. 
The lamp does not indicate -whether the arm is up or whether the trafficator 
lamp is lit, it simply notifies the driver that the s-witeli is in an operating 
position. 


space for it to fit in. Although the arm is made lights it must he strong 
enough to resist wind pressure, especially when traYelling at speed with 
the arm inadyertently left out. Previously, the arm was a light frame- 
work of metal with thin amber-coloured celluloid material on each side 
forming the windows. Much trouble was experienced with this con- 
struction, since if the arm was inadvertently left in the ‘‘ up ” position for 
long periods, the heat developed by the lamp distorted the window 
material, with the result that when the arm was dropped it would not go 
fully bach into position, hut would jam. 

Improved Construction 

The later type has a single moulding of orange -coloured material of 
special shape and heavier gauge almost forming the entire arm, with a 
reinforcing rib of metal round the top outer edge. 

The Lifting Action 

A die casting moulded in the arm is e:xtended to form the hinged por- 
tion of the arm . Through a hole in this portion is a pivot pin which allow^s 
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Mg . 6. — Tba.efica.tor avahmin'o lamp ciitcurr 

This is a much lietter system, .since tlio lamp lights wliea the trariicator 
lamp lights. When in oporution, the warning lainp is in scries with the 
“ s-witchedon ” trafl^icator lamp. To use the cireuifc, the trafficator must have 
an internal switch for the lamp instead of the usual wire connection. XFiiclor 
these conditions, warning is given not only wlien the tmllicator lamp is lib but 
also when the ax*in has lifted, since the switch does not rnako contact until the 
arm has nearly reached its upward position. 


the arm to swivel up and down. The solenoid plunger is not permanently 
fixed to this extended portion but is linked to it. This action is essential, 
as the extended portion moves in an arc, whereas the plunger has a 
straight up-and-down motion. Furthermore , this arrangement semi-locks 
the arm in the down ” position so as to prevent wind pressure from 
blowing the arm into the ‘‘ up ” position, and so giving false signals to 
other drivers. 

WorMng of Trafficator 

When current is switched on to the solenoid winding, the resulting 
magnetism surrounding this winding i>nlls dowui the so ft -iron plunger. 
Since the top of the plunger is linked with the extended portion of the 
arm, this portion is also pulled down and the arm is lifted up. 

The Lamp Circuit 

On most types the lamp, which is situated on the outermost end and 
inside of the arm, is connected in parallel with the solenoid winding, so 
that when this is energised the lamp lights. On other models the lamp 
is in series with a warning lamp, so that if this lamp lights, it indicates 
that the trafficator lamp is also lit. Unfortunately, this indication does 
not certify that the arm has lifted, since with the arm sticking, both lamps 
would still light. To overcome this difficulty, the new model has a 
switch integral with the trafficator arm, and the warning lamp, instead 
of being in series with the trafficator lamp, is in an independent circuit. 
This lamp does not indicate when the trafficator lamp is lit but, what is 
of more importance, it does indicate when the arm has lifted, since the 
switch does not come into operation until the arm has practically reached 
its upward position. 
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Warnjn^ Lanffi 
Switch 

Trafficator lamp switch 
which dispenses with 
the continuous ien^h of 
f/ex from lamp to the 
solenoid coH terminal 




fuse 


Switch 
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lHarning Lamp 


Fi^. 7. A. ILA.TER OT TEAFPICATOB, WEIGH HAS TWO SWITCHES OPEBA.TED BY TEE 

THAFEICATOB ABM 

The warning lamp lights only when the ana has lifted and operated the internal switch. 
The other switch serwes as a conaeeting link between the trafficator arm and the solenoid 
terminal. The warning lamp does net indicate when the trafficator lamp lights. 


Lamp Wiring 

PreTioTisly, the trafficator lamp w'as connected in circuit by means of a 
short length of flexible wire, but since this wire was connected to both a 
fixed and a mov^ing part of the trafficator, much trouble was experienced 
by the fraying and the breaking of the wire, which either caused an open 
circuit to the lamp or created an earth. This trouble has recently been 
eliminated by preyiding a switch in the trafficator, so that the lamp wire 
is now fixed in position and the moTement is taken by the switch arm. 

Operating Switch 

The &st method of operating the trafficators was obviously by means 
of a two-way sydtch. This arrangement is still used, but with added 
refinements such as a warning lamp fitted in the switch. The switch is 
generally fitted in the centre of the steering -wheel as being the most con- 
venient position for the driver to operate it. 

Self-cancelling Switches 

The drawback to the hand-operated switch is that, due to forgetfulness 
on the part of the driver, the trafficator arm is often left in the “ up ” 
position, thus causing uncertaint3?' of action to other drivers. To counter- 
act such action, a semi-automatic switch is fitted to the top of the steering 
•wheel so that on the completion of the turn of the car, the action of re- 
turning the wheel on to the straight again automatically switches off the 
trafficator. Although the switching-off motion is automatic, the switch 
can also be hand operated if so desired. 
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How the Switch 
Works 

The moYing part 
of the switch mech- 
anisra has a plate 
contact wMch shorts 
out the accumulator 
feed to either the left- 
or right-hand traffic- 
ator feed. There is 
also a toggle cage con- 
taining two spring- 
operated toggles 
mounted side by side. 
Also in the cage is 
a spring - operated 
plunger having a roller 
at its bottom end. 
This roller rides on 
the edge of a special 
shaped steel locking plate which is fixed to the hase of the switch. As the 
switch is turned to either the right or left direction, the roller rides up the 
shaped edge of the locking plate until it reaches a depression, when the 
roller is locked. Also fixed to the hase of the switch is a cam which 
operates the toggles . Monnted on the inner circumference of the steering- 
wheel boss is a switch-releasing plate which catches one or the other 
of the toggles on the return of the steering wheel to the straight. In the 
normal position, this releasing plate is in between the two toggles. 

How the Switch is Operated 

When a left-hand turn is contemplated, the switch arm is manually 
turned to the left to operate the left-hand side trafficator. This does not 
only operate the trafficator ; it also causes the cam to partly shift the right- 
hand side toggle, so that as the steering wheel is turned to the left this 
toggle misses the releasing plate. As the wheel is further turned to the 
left, the releasing plate passes OYer the left-hand side toggle, causing its 
spring to he compressed and then released. On the completion of the 
left-hand turn, the steering wheel is turned to the right to bring tlie car on 
to the straight again, and in so doing the releasing plate catches the left- 
hand toggle and this releases the switch to the “ off” position. 

Delayed-action Switch 

Another type of self-cancelling switch works on the delayed action of a 
train of wheels. When the switch is hand operated to the '‘on position, 
a spring is wound up and drives a train of wheels so that, after a 



JFig. 8. TJiTDERNEA.TH side OE IRAFFICATOIt ARM 

Showing the extra switch contact which operates the 
•warning lamp when the arm has lifted. When the plunger 
is drawn into the solenoid coil, the top of the plunger comes 
into contact with the switch contact strip, which is then 
earthed. This completes the warning lamp circuit. 
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period of time, tke switck is 
operated automatically to the 
off ” position . Although this 
switch does not take into 
account the time required to 
turn a corner, it is nevertheless 
a useful switch, as it prevents 
the trafficator arm from being 
accidentally left out. 

Repairing Trafficators 

With the older models, one 
of the most common complaints 
is the failure of the trafficator 
lamp to light. This is- mainly 
due to the hreahing of the flex- 
iLle wire connecting the lamp 
to the solenoid circuit. This 



Fig , 0. — Automi-ltic caxcellikg switcbc 

This operates the traificator switch to the 
off” position when the steering wheel is 
xetorned to the straight after cornering. 


wile can be replaced, but care is needed to see that there is just suficieiit 
slack in the wire where it loops rouad the pivot pin. If this is not done, 
the arm will not work as the tightness of the wire will prevent it. An- 
other source of trouble is the breaHng of the extended portion of the arm. 
This is a die casting and is very easily broken. To effect a repair, the 
trafficator must be removed from the car and the pivot pin knocked out. 


Fig. 10 SEXF-CA. 2 fCEL- 

XIKG TRAFFICATOR SWITCH 

This shows another tjrpe of 
switch-release mechanism which 
is made part of the steering- 
wheel boss. The two toggles are 
loose and are guided by slots in 
moulded hakelite. '^yhen the 
switch lever is moved over, the 
spring-loaded roller rides off 
the brass block and lifts up the 
toggle, which causes the toggle 
pawl to be lifted up. \Vhen 
the steering wheel is turned, the 
release plate rides over the pawd 
and the pawl springs back again. 
On the return of the wheel to the 
straight, the release plate forces 
the toggle downwards, which 
pushes the spring-loaded roller 
on to the brass block, and with 
the help of both the slope on the 
brass block and the lever -return 
spring the switch lever is forced 
back to the off ” position. 
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A replacement arm is tlien fitted, since the old one will be beyond repair. 
After fitting the pivot pin, it must be riveted lightly over to prevent it 
from coming out, taMng care in doing so not to break the casting. 

High-resistance Earth 

In two-terminal trafficators, fitted on an earth. -return system, it is 
the general practice to take the earth connection to a suitable position 
on the chassis, as an earth connection on the bodywork is unreliable. If 
such a bodywork earth is used, it may account for the erratic operation of 
the trafficator, since the conductivity between the bodywork and the 
chassis is generally of a high resistance. 

Care in Connecting 

Although it is common practice not to rely on the earthing of the 
trafficator through the bodywork, it is nevertheless important to connect 
the trafficator wires to the correct terminals, as some trafficators have an 
internal earth connection, in which case crossed leads will cause an earth 
fault. 

Replacing Lamps 

Before replacing a faulty bulb, it is best to raise the trafficator arm by 
means of the switch and to hold the arm out by hand and then switch off. 
This practice not only lessens the chance of straining or even breaking 
the arm or its linkage, it also prevents causing an earth whilst remoYing 
or replacing the bulb. 

The Lamp Wattage 

Care must be taken when replacing bulbs to make sure that they are 
of the correct wattage and voltage. This also applies to the warning 
lamps, especially if these are in series with the trafficator lamp. 

Sluggish Action 

When the movement of the arm is sluggish or uncertain, it may be 
caused by grit gaining access to the moving parts or by rusting oif the 
solenoid plunger. It is well worth while to slightly smear a very thin 
grade of oil on to the plunger to prevent rusting, but do not overdo this 
or else the oil will gather dust and dirt which will aggravate the trouble. 

Sticking Arm 

A trafficator arm which does not go right hack can be due to a strained 
arm or to an obstruction in the housing, such as a connecting wire with 
too much slack. Worn pWot pins and a wnrn linkage will also account 
for the arm sticking. To prevent wear on the moYing parts, they can be 
oiled with a light grade of oil such as sewing-machine oil, but even this 
must be sparingly done. 



PETROL AND OIL GAUGES 

Bti JOHN L. R I'lNKNEr, 

I T is a great conrenieiice to ])e al)le to tell at a glance the aiiiouut of 
petrol there is in the tank, or ^\Tietlier there is eiioiigli oil in tlie 
sump. Previously, this inforniatioii \Yas arrived at b\' looking 
into tlie tank or by calculating the iiuinber of miles travelled since tlie 
tank was last filled. This method did not take into account hill climbing, 
low-gear running, wrong setting of the carburettor, and the lumieroiis 
stoppings and startings, each of which consumes more petrol than the 
long steady pace at the engine's ecoi^imc speed. 

To confi-rni the amount of oil in the engine sump was a messy job and 
was done by the crude method of a dipstick and, for this reason, seldom 
done. 

Mechanical Indications 

One method of indicating the level of the petrol in the tank was hy 
means of a long sighting glass fixed on the dashboard, but that was in the 
days wdien the tank was fixed behind the dashboard. Another method 
was by means of a float in the tank. A dial, graduated in gallons, was 
fitted in the cap of the tank. The pointer on the dial was controlled hy 
the height of the float, the motion of wdiieh was converted to a rotary 
motion. Even this system was inconvenient, as in most cases it meant 
getting out of the car to examine the gauge. 

ELECTRICAL INDICATORS 

One of the electrical methods at present used for indicating the 
aiiunint (jf petrol in the tank is tlie Hobson Telegage dealt with on 
]i{ ). 55-{U. A furthci* method is by ntilising a variable resist ainv n lul some- 
t iiiies a potcnticmieter in conjunction uith a voltmeter. These iiidioators 
shove a])[>Tuxiiuate amounts, because it is ceonoiniealK' impossible to have 
a device indicating the exact quantity of joetrol due to the fact that the 
pjetrol is on the move all the time the car is travelling. 

Their Construction 

The system makes use of three main parts, namely, the jluaf, 
hinged to a cast-metal case, wliich can be screwed to tlie to}) of the tank. 
The hinge allows the float to rise and fall with the height of the petrol 
in the tank. These rise-and-fall movements are transmitted to a wiper 
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arm whicli wipes over the 
surface of a resistance 
wduding situated inside 
the metal cavse. 


Fic/. 1.— This shows the olueir method of trais^s- 
FEHRINO THE UT- AND -DOWN MOVEMENTS TO THE 
ROTARY MOVEMENT OP THE WIPER ARM 


Older Models 

Previously, bevel 
wheels were used to 
convert the up-and-down 
movements to a lotaxy 
movement for the working 
of the [wiper arm across a circular-shaped resistance, and it was often 
found that these two bevel wheels locked together, preventing the proper 
working of the unit. 

Recent Models 

Recent models do not have thesejbevel wheels, and this has made the 

unit much simpler 
TERMINAL RESISTANCE WINDING aiid less liable to 

introduce errors 
caused by friction 
of the moving parts. 
Whereas the older 
models had a 
circular -shaped re- 
sistance necessitat- 
ing a rotary motion 
of the wiper arm, 
the new type has a 
hat strip resistance, 
which needs only 
a simple sliding 
action of the wiper 
arm. This sliding 
a ct ion i s trans- 
mitted direct from 
the float to the 
s [) i nd le ca riy i rig th e 
wijier arm and so 
(lisfxmses witli in- 
termediate trans- 
mi Hs ion. 

The Gauge 

The indicating 
device is really a 



Fi(j. 2. — The mTEiiNAi AiniAxciaiENT op the resls'pance 

'UNIT 

The flat strip re.sistanco simplifies the action of the wiper 
arm and does awny with intormediate gearing. 


INDICATOR UNfT 


RESISTANCE UN/T 



Fiij. 11 . 


-TeTROL ClAlHJE SHO\VlN<{ THE AlOliE 
UE CONNECTIONS 


I S TAD AlETllOlJ 
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Fig. 4 {right ). — P 

GAUGH RESISTANCE ENIT 

An enlarged view of 
the resistance unit. 
Part of the float arm 
can be seen. This arm 
is a tight fit through a 
hole in. the wiper arm 
spindle. At the top, 
left, can be seen the 
main terminal, -which is 
farther protected from 
the casting by a strip of 
insulation. 


differentisblly wotiiid 
galvanometer 
possessing two sep- 
arately wound coils 
of fine, insulated, 
c opper wir e . 

These two coils are fixed at right angles to each other and they each 
provide their own magnetic field. Both these coils act magnet icalty 
upon the armature, which is pivoted and floats in the centre of the coils. 
To this armature is fitted the pointer, which indicates on a dial marked off 
in gallons or is calibrated from ‘‘ full ” to empty ” with intermediate 
quarters. 


Voltage Variation 

On the face of it a simple variable resistance in series with a voltmeter, 
with the scale calibrated in gallons, should be adequate, but this is not so, 


since the voltage of the 
battery or accumulator 
would to a great extent 
control the readings on 
the gauge. It is well 
known that the volt- 
age of the accumulator 
varies a great deal with 

Fig. D ( ri ght) . — Pet r o l 

GAUGE 

Phis shows a close-up 
view of the differentially 
vvoimd indicator with the 
scale marked off in gallons. 
A close inspection will show 
that this is a. faulty unit, 
since there are a number of 
broken turns of wire in one 
of tile coils. 
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the load inijwsed upon it, and this alone would render misleading 
tlie indications on the meter. 

The present arrangement of having two coils incorporated in the gauge 
makes the indications independent of these variations in the accumu- 
lator voltage. 

How the Gauge Works 

One of the coils is connected across the accumulator, and the strength 
of the magnetic field around this coil is governed by the voltage of the 
accumulator. This coil acts as a holding coil and it has a tendency to pull 
the pointer of the gauge to the empty ” mark. It also prevents the 
pointer from floating about all over the dial, since the movement is not 
spring-controlled in any way. The other coil is also connected across 
the accumulator, but in this case it has tlie resistance unit in series with 
it, so that the strength of the magnetic field of this, (he control coil, is 
governed not only hy the voltage of the aeemmilator but also by the 
amount of resistance there is in series with it. It will now be understood 
that any variation in the accunndator voltage, ■wtiich v^ould otherwise 
upset the dial reading, will he cancelled out l)y the t wo opposing coils. 

With the Tank Empty 

When the tank is empty, the float will bo down and the resistance- 
wiper arm will be at the extreino end of the resistance winding, tlius 
leaving all of the resistanca> in sciios wit h the c-ontrol coil of the gauge. 
This will wealvcnthe magiiotic ti(dd around tliis coil to such an. extent as to 
leave the 'Uioldiiig ” coil full control over t he position of th(‘ ])oi liter, and 
fco the pointer is forced over i.o the h^ft or (Mupt y " side' dial. 

With the Tank Full 

With the tank full of petrol, the fioii.t will he iii> arid tlu^ r(^sisf^mcc- 
wiper arm will l)c forced along to th(‘ oilicM* end of tdic^ rr.sistaiKH^ winding. 
Tiiis will cut out the resistamv Indweeii t control coil and t h(‘ iiccmnu- 
lator, so that the strength of the nia.gind around this coil will be 
increased snrii(i(iitly to tah'c over* tfu^ coni rol o[’tli(‘ poiiiti*!*, so that 
it will indicate full taink. 

Oil Gauge 

On. some coirs, tlie gauge* <ilso indicate's tin* amoinil of oil in tlic* suin]), 
As there is no ad vcvntagc in ])(‘ing alrle to \'cri fy 1 Ih^ Ivwl of h( >1 li t lie* ])ctrol 
and the oil at the saints moment. th(? ont^ gauge doc'S dnt v for hotli pur- 
poses. To indicate the oil level , 1 here is a rcsistai icc ii nit' and ii float in the 
oil sump. Mounted cni the dashlKaird is a, (diange-ova^r switch, so tliat 
one or the other resistance unit can he jdaced in cinaiit with the i 
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Servicing of Petrol 
Gauge 

The three mot^t 
euiiimoii faults 
occxirring with t liese 
petrol gauges are 
broken resistance 
vviiiding in the tank 
unit, burnt -out coils 
in the indicating 
unit, and had con- 
tact between the 
wiper arm and the 
resistance winding. 
In the case of the 


OIL 

RL3/S7ANCE UNiT 



Fi(j. O.- Jo]viEt.Nr:D jj-rrja*L axd on. <; n utllisiac. 
IX i>i I'AT IX u r X rr 


first two mentioned faults, the only practical proposition is to replace 
the faulty units. A had contact between the wiper arm and the resistance 
winding can he remedied by slightly bending the wijier arm so that it 
presses more fiiinly on to the winding. 


Care to be Taken 

When the tank unit is being removed, care must be taken not t('> bend 
the float arm, otherwise, ^vhen it is replaced, it will cause false readings to 
show on the gauge. 

Indications of Faults 

When the ignition is switched on and the gauge pointer does nut move, 
it indicates that no current is reaching the coil vim lings. This fault can 
therefore he due to either a broken ooniieetioii bet \s ecu the ignition 
switch and the gauge, or the two gange coils open-circiiitcd. lien the 
pointer indicates " empty ” all the time, it is probably due to either a 
sticking float, a break in the resistance winding, cr a burnt -out control 
coil. But with the pointer on the ‘'full inaik all llie time, the In-eak 
in the circuit will be in the holding coil, or else the tiuat is .sticking m the 
'Aip ” pjosition. 

Low Reading on Gauge 

One reason for a low reading showing: on tlie gauge is a heavy lloat. 
There are two types of float in use. one being the usual scaled met a, I 
container, the other type being made of cork, snitalaly ]»rutected by a 
covering of petrol-])roof varnish to prevent it being soaked with 
In the metal type, the slightest hole will allow jictrol to see]> through and 
this will cause the float to become too heavy. Damage to the imaecTivc^ 
coating on the cork float will allow the cork to hecomc saturatcil wxtli 
petrol, causing the float to have more weight. 
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Mode of Connection 

These fault positions refer mainly to 
gauges connected up as in Pig. 3. This 
should be made clear, since there are various 
methods of connecting up, as will be seen, 
in the other diagram, Fig. 7. For instance, 
when the holding coil ” and the control ” 
coil are on the opposite sides to those shown 
in Fig. 3, the faults, showing the pointer at 
'"full ox ‘"empty” as the case may be, 
will be the reverse of those given above. 


Fif/. 7. {left)— SHOWS one arrangement op 

CONNECTIONS ETIEISING A POTENTIOMETER 

Both coils of tho gauge axe across the battery 
tencUng to force the pointer to the ceatre of the 
dial. The position of the wiper arm determines 
which coil is the control coil. 
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SUCIIOW VALVE PUMP CHAMbEL PAESSUHI 



TbL arrows inclicato the path of tlu^ I'lkO through tlui puin| > ( >n its w'ha' i’r()ni tlu' hiiik 
to t lit.; cafhurettor. 

and one of tlie early inodels — Series B - -rcspcotirely, mid althoiioli at 
iirst glance they ap])ear to differ widely, oxaiiiination will ([niekly reveal 
that tlie eontraiT is tlio ease. 

Oil both models rotation of tlic eeeentrie on the eat n shaft lifts the 
Toeker arm, the other end of which, l)ein.ii: attnoluai to 1 he d ia phragni by 
a. [)iill-Tod, ])n]hs down tlicmliapln-agni niid erenles a voiciruni in IIk^ piinij) 
cha in her. 

Formation of the vaeiniin causes fuel to leavcc th(‘ oar taii]< and (‘liter 
th(‘ ])inn{')at d, from vdience it proec'cals. via. tiu* .sf‘(linK‘nt ( ha inl)(‘r, the 
tiller, and suction valrc'. into tln^ pninp cliandHn*. On t h(‘ nt urn stroke, 
faessine fiaun the diaplrragni spring forces tlic* diaj)hrag!ii upwards, thus 
oj<‘etino; tlie iiiel from the ])ninp chatrih(‘r, through tlic prossiua' valv(*, 
niui opeming Ji into tin' (*arhnret tor. 

On the caihu r(‘t (or liowd f>eeoming filif'chtlu' (had shuts ()f'ft}i(‘ iiil(‘1, 
n((‘dl{‘ valv(n thc'rehy crmitiiig a. jUT'ssimA in the ehamlx*!* ol' t h<' pump, 
and this j)r(‘ssur(‘ holds the (hajiluaigm down agaifisl its spring until the 
oaidnrret I or ii(*(‘d.s nior(‘ had and th(‘ n(M'<ll(‘ \-a i\'(‘ opi'iis. 

Types of A.C. Fuel Pumps 

As alr(‘ad_\’ .statcnl, 1 ho operating jni iici j)l(‘ just (U'seri Ixx 1 liolds good 
for all fiM‘ iiiodc'Ls, l>iit the* models vary in design, ai id t h(‘ way toti'll one 
from t he; oth(‘‘r is hy noting the iol losing IVnitnia's : 



TESTING AND REPAIRING THE A.C. FUEL PUMP [tol. iv.] 121 

Series A . — (In general use up to about the end of L931.) The cliief 
outside distinguishing characteristics are a glass filter howl and a hori- 
zontal lower body coTer. The linkage is attached to an inward extension 
of the rocker arm, and is hinged to absorb the movement of the eccentric 
when fuel is not reqnii-ed by the carburettor. 

Series B . — (Used since 1931 on cars of about 10 h.p. and upwards.) 
This model — illustrated in Pig. 2 — -also has a glass filter bowl, but the 
lower cover of the body is of a sloping pattern, and the rocker arm 
bears on a pin fitted in the linkage. 

Series M , — (Used on small cars during 1932-33.) Has a sloping 
lower cover to the body, but has a sediment bowl incorporated in the 
pump itself, similar to that shovm in the Series T section (Fig. 1). 

Series T . — (Used on small cars from 1933.) Has a built-in sediment 
howl also, similar to the Series T, but the body is a single-piece casting, 
having no lower cover. An important internal difference is that the 
plug-type valve retaining device, used on the Series A, B, and M, is 
replaced hy the plate-type assembly shown in Fig. 1. 

Series T . — (This is the latest and most efficient type of A.C. pump.) 
As Fig. 1 shows, the body is a single-piece casting vitli no lower cover, 
and the sediment bowl is incorporated on top of tlie pump. 

Instead of the long rocker -arm device, A.C. pumps are sometimes 
designed for push-rod method of operation. 

TESTING 

For rapid testing of a pump in which trouble is suspected, the A.C. 
])CC)ple liave devised an ingenious analyser which enables the operation 
of a pump to be checked without removing the unit from the car. Use 
of this analyser undoubtedly saves time, if only for revealing, perhaps, 
that tlie puni]) does not, after all, require servicing, for, as regular 
re])airer8 of fuel ])um])S are Avell aware, inofiieienov is vrongly attributed 
to these components ^v\i\\ annoying frcc|ueiicy. (Full iiistruetions for 
it s use are given with every analyser, so that there is no point in describing 
it in detail liere.) 

A g’olden rule for lueohanics who arc now to fuel puinf) servicing is : 

Don’t assume that a ]nimpis inefiicieiit, however strong tlie indications, 
wuthont first carefully examining all |K)ssihle eontrihiitOTv factors." 
That may sound eleinentary, but it l>ecoiues less so with the knowledge 
that ] lumps liave often been condemned by their owuei's for no other 
leason than that the jietrol tank was empty. 

Ijeakv, bent, or choked tubing ami leaky connections are frequent 
eauscs of tronbb -such as a lack of fuel at the earbni'ett or. and difficailty 
ill starting - -wlii ell should be looked tor before toiudiing the punx]) itself. 
Similarly, eonqilaints of leakage of fnel at the diaphragm (.‘an sometimes 
be traced to a fault in the pipe fittings, fuel liavdng run down the pump 




lig. 3. — To DISMAKTXE THE PUMl' (1) 

Attach it to~an A.C. test stand, and mark the position of the top c‘o\-cr rolati\’'e to the 
body casting. 


in such a manner as to appear to be coming from tlie diaphragm flange 
itself. 


Vapour Lock 

Another occasional non-pump cause of poor fuel delivery is va])our 
lock, due to some part of the pipe system being located too close to the 
exhaust system, the latter heating the fuel enough to make it vaporise. 
As a matter of fact; the pump itself can also be guilty of vaporisation 
if its installation is such that no cooling draught can rc'aoh it, or if it is 
placed too near the exhaust system. In the latter cve^nt, the trouble 
can he cured by fitting a small shield . 

Filter Cover 

If the lack of fuel pjersists after the tiihing and connect ions have hcen 
checked, examine the filter cover (in the case of Series, M, Y, and T 
pumps). If it is loose, tighten the iint, making sure tiiat the cork gasket 
fits p)erfectly in its scat and makes an airtight joint v'ithout hchig unduly 
compressed. 

Alternatively, the filter screen it.self may I)o ^liity, in which (‘ase it 
should he removed and cleaned (Fig. 4). 

The relative treatment for Series A and F ]jum|)s consists in examining 
the glass bowl to ascertain whether it is loose ; if it is, tighten the tliuinb 
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FILTER 


Fig. 4. — To dismantle the pump (2) 

Take oif filter cover fiy removing cover 
screw, and remove gasket and filter. 


Fig. 5. — To disila^ntle the punep (3) 

Detach the top easting by taking out the 
six fixing screws holding it to the body. 



nut, liere again making certain that the cork gasket lies flat in its seat. 
If the howl is not loose, look fox a dirty filter screen. 

Leakage of Fxiel at Edge of Diaphragm 

Leakage of fuel at the edge of the diaphragm is a trouble which can 
sometimes he cured without remoyiiig the pump from the car. Toy checking 
the cover screws. If they are loose, tighten them, not consecutiTely but 
alternately (Fig. IS). 

Flooding of the Carburettor 

Perhaps the most outstanding malady which some car OMmers assume 
to be due to tlie fuel punijo is flooding of the carhurettor. The pump is 
neyer Avholly the cause, altiioiigli it can sometimes aggravate the flooding 
as a consequence of air getting drawn in through leaky pipe joints or the 
filter gasket. The normal remedy for carhurettor flooding is to check 
the unit for adjustment, or clean out the float chamber. 

hJoisy Pump 

If a pninj) is coiujilained of as heing noisy — due. ])resuinahly, to worn 
or broken ])ai‘ts — it may save trouble, before dismantling it. to run the 
engine minus the juimp to ascertain Avh ether the noise is not, in fact, in 
the engine itself. Care should be taken, ot course, that oil does not 
escape unduly through the pump-mounting hole. 
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Fi(/. 6. — To DISMANTLE Tillil PUAIi* (4) 

'.Remove screws hoUliiiK valv^o retainer 
to top casting, take out vaK*(‘s, springs, and 
^'alv’e-spring retainer, anci place all 
in clean parallin bath. 


7'Vf/. 7. To I)1SMA.\'T.LE THE PUMP (5) 

Di'tacli diapliragni and pull-rod 
asscnihl^^ froiii link by juTssitig down and 
giv^iiig a ({uartcr turn. 


JJctach ])inn]) Jruin 
(Irivo out join hy moans 
and (if Jit t Cl 1) two s 


.sj)niig ell |) ii-om om* (Mk 
s will rulccisc rockcrarm 
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ROCKER-AJIM 



WASHER 


CLir 


Fig, 9. To A-SSEAIBLE ROCKER AR-M A'ND ETNR A?!SE:MBLT (1) 

Catlipr togetlier parts shown. 


Dismantling the Pump 

If none of the joreliminary tests and cheeks desciihed ahove has 
succeeded in locating the trouble, and it is decided that the pump nuist 
he taken to pieces for rectification, the following procedure should be 
followed. The pump chosen for the purpose of the illustrations is a 
Series T, because of its popularity, hut, as a matter of fact , the instructions 
give a good idea of the manner in which all the xuiinjos of the A.C. range 
should he handled. 

Special Test Stand 

It is assumed tliat the serviceman avIio undertakes the overhauling 
of an A.C. pump possesses the test stand s|)eeially designed for this 
pur])ose (see Fig. 3). The stand consists of a U-shaped ap^iaratiis which 
is bolted to the hench, and to the top of Arhicli the ])iimp is attached by 
means of special holts and wing-nuts supx:)lied. The stand is connected 
to a reservoir containing the testing finid, and the results of a test are 
slioAvn on an easily seen gauge. (Incidentally, tliis test stand can be 
obtained from Deleo-Remy and Hyatt Ltd., Ill Ghusrenor Road, 
London, S.W.l, avIio are, of course, the official A.C. service organisation 
for Great Rritain, ISTortliern Ireland, and Eire.) 

Mark the Position of the Top Cover 

The pumx^ having lieen attached to the stand, tlie ])ositk)u of the top 
cover relative to tlie body casting should be marked, by moans of either 
a eontre-punch or a file (Tig. 3). This is a most essential part of the 
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proceedings which , 
if forgotten, is 
almost hound to 
cause loss of time 
when reassembling. 

Take off the 
filter cover by 
removing the cover 
screw, and remote 
the gasket and filter 
(Fig. 4). Detach 
the top casting hy 
taking out the six 
fixing screws which 
secure it to the body 
(Fig. 5). Take out 
the three screws 
which hold the 
valve retainer to the top casting (Fig. 6). Tliis will release valves, 
springs, and valve-spring retainer. All the parts so far disassembled 
should now he placed in a clean paraffin bath, which should be kept 
apart from the bath used for cleaning the remainder (and comparatively 
dirty) parts. 

Remove the diaphragm and pull -rod assembly from the link hy 
pressing down and giving a quarter -turn (Fig. 7). Detach tlie pump 
from the test stand, remove a spring clip from one end of the rocker-arm 
pin, and drive out the pin by means of a drift-rod (Fig. H), whicli sliould 
be about five-thousandths undersize. This v'ill rc^lease the rocket' arm, 
link, rocker-arin spring, and (if fitted) two spacing viishers. 

Clean and Examine All Parts 

All parts should now he thoroughly cleaned, and examined to asc*ertain 
the cause of the pumphs inefficiency. 'Badly worn parts must, of course, 
be replaced, and it is best to replace all gaskds. Iiowcvcm* iruilthy they 
may appear to bo. 

Reassembling Rocker Arm and Link Assembly 

To reassemble the rocker arm and link assembly, gat hci’ together the 
parts shown in Fig. Ih If the spring is distorted oi- broken, it shouhl, of 
course, be replaced, and the same applic's to the other parts. If the 
rocker arm has to be renewed, make sure tluit tln^ correct ty[)e is fitted, 
otherwise insufficient or excessive movement may o(*ciit‘, t.ogot her -with , 
perhaps, breakage of the arm and pimp) body. In. the case of push -rod- 
actuated pumps, the ends of the push -rod should be (dosely examined for 
wear, and if necessary the rod must be renewed . 



Fig. 10. To -4.SSI]MBLE EOCKE,R ARM AND LINK ASSEMBCV (’J) 

Insert driftrod into one side of rocker-arin-pin hole, and 
put on spacing wa.sher and link. 
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The quickest- 
way to reassemble 
the rocker-arm 
assembly is to 
insert the drift-rod. 

(previously used in 
breaking down the 
unit) into one side 
of the rocker-arm- 
pin hole, and to 
arrange on it first 
one spacing washer 
(if fitted) and then 
the link (Tig. 10). 

Still holding the ll. — To assemble roceer arm and link assembly- (3) 

drift -rod, place the Place rocker-ami spring iix position, 

ro cker-arm spring 

in the position indicated in Fig. 11. 2fext, place the rocker arm on the 
drift-rod between the faces of the link (making sure that the pip on the 
rocker arm fits snugly into the end of the spring), place the second spacing 
washer (if fitted) on the drift-rod, and drive out the rod by means of the 
rocker -arm pin, to one end of which a retainer clip should fii’st have 
been fitted (Fig. 12). When the pin is right home, be sure to snap on 
the second retainer clip to the other end of the pin. 



Valve Assembly 
Parts 

The order of 
assembly of the 
val ve - a sseni b 1 y 
parts is illustrated 
in Fig. 13. Before 
reassembly is com- 
menced, however, 
the parts must be 
individually^ exam- 
ined. If the valve 
seats in the cover 
casting or valve- 
retainer plate are 
worn, do not 
attempt to reface 
them, hut renew 
the affected ])arts 
as a whole. Unless 



Fig. 12. To ASSEMBLE ROCEER ARM AAD LINK ASSEMBLY' (4) 

'Plac ‘0 roc'kor arm ami second spaciiiiz washer on dril't -r( xi, 
and drive out the rod by nieaiis of the roekor-ariii pin. Snap 
oil retaiiicr clips at each end ot the jiiii. 




they are in first-class condition, the -valves should bo nsidiioed by new 
ones. In this connection it will bo found convenient always to i'ce|) a 
supply of valves soaking in ])arafiiu anil ready for use, if a fair iimoujit 
of pumj) ovcrhaulijig is to lie nndortakoii. 


< ) AS.SK .MliLM V AlA Jd I’Airi'S 


VALVE 
/ ■ 


SPRING 


SPRING/ 

RETAINER 


GASKET 
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iVl/. T':!-. T(.> ASbld-MlJIfE VALVE PARTS (1) 

Put in spriii^r with Mio 

C'U])|n'd jiurtioiL tluwfnvtircls, then the 
inns nr 1(1 vah'ts. 


w 
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Fig. 16. — To assemble filter ’ukit 
Put together parts in order shown, taking care not to injure gasket. 


The valve springs sliOTild also be rene\ved. On no acconnb should 
they be stretched or altered in any way. Springs or valves which have 
been taiinpexed with can easily result in difficult starting. 

Assembling the valve parts is a tricky business, and requires nimble 
fingers and steady hands. First put in the spring retainer, with its 
cupped portion downwards ; then one valve, with the pohshed face 
towards the valve seat ; insert the springs — -one in the spring retainer 
and the other on the valve — and balance the second valve on top of the 
spring in the spring retainer, with the polished face towards the valve 
seat (Fig. 14). Finally, fit the valve-retainer plate, making certain that 
the gasket is underneath, and fix by three countersunk screws (Fig. 15). 

Gumminess — a Possible Cause of Yalve Trouble 

A very occasional valve trouble which may be mentioned here is that 
of gumminess, the result of impure fuel, and sometimes, to a certain 
extent, of upper- cylinder lubricant. If gumminess was noted when the 
valves were taken dowm, the attention of the car owner should be drawn 
to the fact to prevent reoccurrence of the trouble. 

Filter Parts 

Having completed the valve assembly, put together the filter parts 
in the order shown in Fig. 16, and make certain that a fibre washer is 
placed under the head of the cover setscrew. And when tightening this 
setscrew, ensure that the gasket lies flat on its seat, and is not broken or 
unduly compressed. 

3M.E.0. lAL 9 
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Fig. 17. — CoNiPLEriNO assembly of 
POMP (1) 

. Attach body to test stand, replace 
diaphragm spring, and refit diaphragm and 
pall -rod assembly by pressing down dia- 
phragm and giving it a quarter -turn. The 
final operation in assembling the pump is 
shown in the next illustration. 



Fig. 18. — Completing assembly of 
PUMP (2) 

Heplace top cover, screw in six cover 
screws finger tight, press in rocker arm, 
and then move it away from the pump body 
so as to fiex the diaphragm (on A, B, and 
JVI models this action is reversed). At the 
same time, tighten the fixing screws 
alternately. 


Diaphragm Spring 

The body should now be reattached to the test stand, and the 
diaphragm spring placed in position — or a new one fitted if the old one is 
broken or distorted. It is of the utmost importance to ensure that the 
correct type of spring is fitted. Before refitting the diaphragm, examine 
it carefully ; and unless all the layers are in perfect condition they 
should be completely renewed. Also see that the pull-rod is not badly 
worn where it engages wth the linkage. When satisfied that the 
diaphragm assembly is in proper order, refit it by pressing it down as 
shown in Big. 17 to overcome the spring resistance, and giving a quarter- 
tarn when the end of the pull-rod engages with the linkage. 

An important point to note at this stage is whether the holes in the 
diaphragm are properly in line with the screw holes in the body casting. 
If they are not, twisting of the pull-rod may result to sucli an extent as 
to cause it to foul the body, or make the linkage noisy in operation. 
Complaints of noisy pumps are sometimes traceable to this cause. 

Diaphragm must be Properly Flexed 

Replace the top cover assembly, and if the top-cover flange shows any 
sign of distortion, fit a cork gasket on top of the diaphragm. Screw in 
the six cover screw^s fingertight, move the rocker arm away from the 
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Fig. 19 . — ^Testing the putvip 

Cormect left-hand hose to inlet coimection raarhed “ In,” and right-hand hose to outlet 
of pump. Open test cock, pump up on the priming lever, or rocker arm, about t-welve 
strokes. This shoxild lift testing fluid from reserv^oir, through pump, and fill the pipe-line. 
Shut off cock, again pump up, and pressure mil be shown on test gauge. Pressure should 
remain, for several minutes. 


pump tody so as to flex the diaphragm correctly, and at the same time 
tighten the fixing screws, on alternate sides, ^tt a screwdriver (Fig. IS). 
The importance of flexing the diaphragm correctly cannot be over- 
emphasised. If the diaphragm is not properly flexed, an inefficient 
pump win result, causing starving at high speeds, difficulty in starting, 
and so on— if not a torn diaphragm. 

It should be noted that it is impossible to flex the diaphragm correctly 
whilst the pump is still fitted to an engine. 

Testing the Pump 

The final operation is to test the pump. This is accomplished by 
connecting the left-hand hose of the test stand to the inlet connection 
marked In,” and the -right -hand hose to tlie outlet of the pump. Open 
the test cock, and pump up on the priming lever (or rocker arm) about 
twelve strokes. This should lift the testing fluid (paraffin is recommended 
for safety’s sake, but petrol may be used) from the reservoir of the tester, 
through the pump, and fill the pipe-line. Whether this desired result 
has been achieved or not can he ascertained consulting the sight glass 
(Fig. 19). Next, shut off the cock, again pump up, and the pressure will 
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A.C. FTJEL-PUMP TBESSURBS 


Mahe of car 



Model 

Year 

Pressure {Zb.) 

Alvis 



All 

1929-34 

If 

Armstrong -Siddeley 



20 h.p. 

1933-38 

H 




Special 

1933-37 

H 




Others 

1931-39 

2| 

Auburn . 



— 

1928-37 

U 

Austin 



7 h.p. 

1932-39 

2| 

»» 



Others 

1931-39 


Bedford . 



All 

1931-39 

2-J 

B.S.A. . 



All 

1932-39 

2i 

Buick 



60, 80, 90 

192S-39 

5 




Others 

1929-39 


Chevrolet 



All 

1929-39 

H 

Chrysler . 



All 

1930-39 

3 1— 4 

Commer . 



All 

1930-39 

a 

Daimler . 



All 

1930-34 

H 

)* 



20-25 h.p. 

1935-36 

H 

>» 



15 h.p. 

1935-39 

2i 

Dennis 



All 

1930-34 

21 

De Soto . 



All 

1933-35 

34 

Dodge 



All 

1934-39 

4 

Bord 



8 h.p. 

1932-39 

li 




V-8 

1933-39 

3i 




Others 

1932-35 

14 

Grahani-lPaige . 



All 

1934-39 

34 

Hillman . 



Minx 

1932-39 

24 

fr 



Others 

1931-39 

3| 

Hudson . 



All 

1934-39 


Humher . 



12-14 h.p. 

1933-38 

H 




Others 

1930-39 

H 

Hupmobile 



All ' 

1934-35 i 


Jowett 



All 

1932-39 ' 

u- 

Lagonda . 



All i 

1930-34 , 

1.1 

Lanchestei* 



10 h.p. ! 

1932-37 




- j 

18 h.p. 

1932-34 i 

3.1 



. 1 

12 and 1 8 b.p. 

1934-39 1 


La Salle . 


• 

All i 

1934-39 i 

4 

Oldsmobile 



F35, L35 

1934r-39 ! 

3.1 4 

Packard . 



120 j 

1934-39 ' 

3 lAi 

Plymouth 



PJ ' 

1934-35 

3.1 

Pontiac . 



All 

1934-39 

3i 

Kover 



Pilot 

1932-33 

1.^ 




Others 

1932 33 

'Pi 




10-12 h.p. 

1933 36 

u 

>> 



Others 

1933-39 


Singer 



^ All 

1930-34 

Pi 

Standard . 



All 

: 1937-39 

2 



9 h.p. 

i 1930-38 

‘> I 
- .1 

9 9 

Studebaker 



Others 

1930-39 

2 .} 



; All 

' 1934-39 


Sunbeam . 



1 0-20 h.p. 

1929-32 

i! 

99 



20-25 h.p. 

1933-34 

If 

Talbot 



All 

1929-32 

If 

9* * 



05 and 75 

1933-36 

: If 

9» * 



95 and 105 

1933-30 


99 



10 h.p. 

1936-38 


Vauxhall . 



All 

: 1929-39 
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be slown on the test gauge. If the pump is O.K., the pressure irill 
remain for several minutes. The correct pressures for the various types 
of piunp are given in the table on p. 132. 

When refitting the pump to the engine, make sure that the cam 
surface of the rocker arm rests against the eccentric and not under it , 
othervdse a broken rocker arm will result. 

Special Points 

EoUo'wing are some special points to observe when overhauling 
particular types of A.C. pumps : 

Series A (ind B. — (1) To detect whether the upper cover is distorted, 
place the fiOiter bowl loosely in position, without its gasket, and try to 
rock it. If slight distortion reveals itself, cure by fitting a new gasket ; 
if the distortion is excessive, renew the cover. (2) Damaged glass filter 
bowls must always he replaced ; alternative metal bowls are available if 
desired. (3) Poor delivery of fuel can sometimes be alleviated by fitting 
an air dome in place of the delivery-valve plug. (4) Move the rocker arm 
towards the pump body when flexing the diaplmagm. (5) The normal 
diaphragm movement should be *25 in. 

Series A. — After refitting the rocker -arm pins, the ends of the holes 
in the pump body must be riveted over. 

Series B, — ^Unless it is already fitted, substitute a lower protector of 
the same large size as the upper protector on the diaphragm, instead 
of the small size originally fitted. This will increase efilciency. 

Series M. — (1) Move the rocker arm towards the pump body when 
flexing the diaphragm. (2) Normal movement of the diapliragin should 
be -187 in. 

Series Y, — (1) Move the rocker arm away from the pump hody when 
flexing the diaphragm. (2) Normal movement of the diaphragm should 
he *172 in. 

Series T . — (1) Move the rocker arm away from the pump hody when 
flexing the diaphragm. (2) Normal movement of the diaphragm should 
he *26 in. 

Maintenance 

The AC petrol pump requires very little attention in operation, but 
periodically the sediment chamber should be inspected and, if necessary, 
cleaned out. 

Where the sediment trap is a glass bowl attached to the upper half 
of the pump body , it is a simple matter to detect the presence of sediment. 

Where the sediment trap is situated under the top cover, the cover 
should be removed (while the engine is stationary, of course), and the 
filter gauze lifted out. The presence of grit, etc., in the sediment chamber 
will then be apparent. Bern oval of the small screw underneath the inlet 
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connection "will allow the petrol which is in the sediment chamber to 
drain otF. Any grit, etc., which remains in the chamber may then be 
wiped out with the aid of a piece of rag over the end of a small stick. 
Replace the screw, gauze and cover, taking care that the cork gasket 
under the cover is in a good condition. It is a good idea to fit a new 
cover or sediment bowl gasket every time the sediment is removed. 



WINDSCREEN WIPERS 

By JOHN L. P. PINKIinEr, M.S.A.E.E. 


T here are many types of ^andscreen 'v^ipers fitted to cars, but 
practically all of them work on the same principle. An early type, 
occasionally met with, consists of a cylindrical casing containing a 
solenoid coil, a plunger, and contacts. When current is switched on, 
the solenoid coil becomes energised and the plunger is drawn into the 
coil, but at the same time the plunger compresses two springs, so that 
when the contacts are opened at the completion of the stroke of the 
plunger, these springs supply the energy for the return stroke. At the 
end of this stroke the contacts close again, and the plunger is again 
drawn into the solenoid. 

The Oscillatory Movement 

One side of the plunger has teeth cut in it to form a rack, which 
engages with the teeth of a pinion wheel mounted in a bearing within 
the outer casing. The oscillating longitudinal movemeut of the plunger 
is then converted to an intermittent reversing rotary action to the pinion 
wheel. Attached to the spindle of the pinion wheel is the squeegee 
blade, which vdpes across the windscreen. 

The Time Lag 

If this was all, the wiper arm would flash hack and forth across the 
screen at a fast rate, and to prevent this a dashpot is htted at the end 
opposite to the solenoid coil. On the end of the plunger is a leather 
washer which fits into the dashpot. When the wiper is first svutched on, 
the dashpot allows the plunger to he dravm rapidly into the solenoid 
coil, but on the return stroke the springs tend to push the plunger back, 
but the dashpot prevents this until the air in the dashpot has had time 
to escape through an adjustable air leak. 

Irregular Movement 

Whereas the ordinary wiper sweeps across the screen at a regular 
speed, the solenoid type can be distinguished b}" the rapid sweep across 
the screen and then a distinct pause. 'The time-period of the stroke 
can be adjusted by the air leak. 

Adjustments 

When the strokes are too frequent, a few drops of oil on the leather 
washer, to make it more pliable, will render it more airtight, and this 

135 
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Wig. 1 {lejt). — The m- 

PUISE MOTOrt SCHEEN 
WIPER 

This shows the im- 
pulse motor with the 
cover removed, hut with 
the switch and starting 
knob in position. 


Fig. 2 [Tight). — Im- 
pulse MOTOK PAJITS 

The two main com- 
ponents of the impulse 
motor. The field coil is 
wound round the limb 
of the held polos which 
are laminated. The 
rotor is also laminated 
and these are rivetted 
together. The fibre 
cam can l)e soon on the 
shaft of tho rotor. 
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will lessen the aum- 
her of strokes ia a 
given time. A failure 
to work may be due 
to the interaalswitch 
making bad contact, 
and the switch blade 
should be bent to 
press more firmly on 
to the contact stud. 



Fig. 4. TmilifG OP CONTACTS — CONTACTS CXOSED 

The best position of the rotor in relation with the contacts 
is to haT 0 the contacts just closed when the trailing edge of 
the rotor tooth is approximately in. before the trailing 
edge of the field pole. 


IMPULSE MOraR- 
TYPE WIPERS 

Most present -da j 
wipers are operated 
by an electric motor 
which either forms 
a part of the wiper 
oris a separate unit. 

There are two patterns of motors in general use, namely, the impulse 
motor with synchronised make-and -break ’ ’ contacts, and the com- 
mutator motor. 

The impulse motor is not self-starting, and the armature or rotor 
must be given a preliminary spin for it to continue to rotate. This 
motor has a peculiarly shaped laminated rotor which rotates between a 
pair of laminated pole-pieces set at an angle of approximately 90®. On 
the end of the rotor shaft is a square piece of fibre with rounded corners 
which actuates the opening and closing of the two contacts. There is 
only one winding, and that is the field winding, which is wound on the 
core of the laminated 
pole -pieces. 


Synchronised Im- 
pulses 

The field winding 
is connected to the 
battery supply by 
way of the two con- 
tacts. The square 
piece of fibre on the 
end of the shaft 
opens and closes 
these two contacts 
in synchronisation 
with the position of 



Fig. 5.— Timing of contacts— contacts open 

■\Vliea the trailing edge of the rotor tooth is in line \vith 
the leading edge of the tielci pole, the contacts should just 
open. 
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Fig, 6. — How motion is transmitted to the wiper 

These two photographs show the two extreme opposite positions of the rack and from 
these can. be visualised the backward and forward movements of the squeegee arm 
spindle. The rotor pinion drives the right-hand toothed wheel which in turn drives the 
large crank wheel. 


the rotor teeth in conjunction with the pole -pieces. This position is 
•very critical, and if the square fibre is forced round only very slightly, 
the rotor will refuse to rotate electrically and will loch itself magnetically 
to the pole-pieces. 


The Starting and Stopping Switch 

The operating switch for the motor is mounted close up to the rotor 
shaft, and consists of two hent pieces of brass. On the rotor shaft is an 
ebonite knob which projects outside of the wiper casing. It is this knob 
which has to be pulled out and given a twist to start the motor, and when 
the knob is pulled out it alloYVs one of the brass strips of the switch to 
press against the other brass strip and thus complete the electrical 
circuit. 


Timing of Contacts 

When the fibre cam is out of adjustment it will be necessary to 
readjust the position of the contacts, by slackening off the two screws 
or nuts which hold the contact plate in position, and to move the plate 
backward or forward until the right setting is secured. The best 
setting is achieved by having the contacts just closed when the trailing 
edge of one of the rotor teeth is in front of the trailing edge of the field 
pole by approximately in. This will bring the trailing edge of one 
of the teeth of the rotor level with the leading edge of the pole -piece 
when the contacts just open. After the contacts have been set, the two 
screws holding the contact are again tightened. If the correct 

setting cannot be obtained by moving the contact plate, it is possible 
to slightly turn the fibre cam on the shaft, as this is only a tight fit. 
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Hg. 7. — Adjustment op kack 

To give the squeegee arm its full 
sweep across the windscreen, mesh 
the centre tooth of the rack with the 
pinion at the pop mark. On the 
squeegee arm spindle are notches 
which are for the purpose of securing 
the squeegee arm, and these notches 
can. be either at the top or bottom, 
depending on whether the motor is 
fitted at the top or bottom of the 
screen. 

Broken Contact Spring 

When the Tbow spring of the moTing contact of the malie-and-break 

"broken, it will be necessary to fit a replacement contact plate, and it 

11 also be necessary to retime the action, as giTen above. 

The Gearbox 

The continuous rotary motion of the rotor has to be converted to an 
oscillating motion so that the squeegee is moved backwards and forwards 
across the screen. To enable this to be done, the rotor shaft drives 
through pinion wheels to a crank which, in turn oscillates the pinion 
attached to the squeegee arm spindle. If the crank is removed at 
any time, and is replaced wrongly, the arc through which the squeegee 
arm moves may be lessened. The correct method of replacing the crank 
is to mesh the centre tooth (there axe five) of the crank with one of the 
teeth of the sqneegee-arm pinion, which is centre -popped. 

COMMUTATOR MOTOR-TYPE WIPERS 

Windscreen wipers having commutators and three-pole arniatures 
are self -starting and have a larger driving power than the impulse motor. 
The gearbox is very similar to the one previously mentioned. 

The Switch 

On the outside of the wiper cover is a short arm which is riveted to a 
contact blade on the underneath side of the cover, and is therefore 
directly earthed to the cover. By turning the switch arm to the “ on ’’ 
position, the contact blade wipes over a brass connecting strip which is 
mounted on the brush -gear plate. With the brass contact strip in this 
position, the connecting strip is earthed, thus completing the circuit 
from the accumulator through the motor windings and to earth. 

Parking Position of Squeegee 

To enable the squeegee blade to be parked clear of the driver's vision, 
the squeegee spindle projects through the front of the motor casing 
and this portion is bent round to form a loop. With the switch in the 
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Fig. 8 [left) . — CoM- 

MUrATOR, MOTOR 
SCREEN- WIPER 

This is a complete 
wiper as seat o-ub hy 
the makers’ with the 
fixing bolts andr-ubber 
washers and packing 
pieces. The looped 
end of tlio squeegee 
arm spindle is located 
in the “parking” 
position with the end 
inserted into the hol- 
low of the switch 
handle, 


Fig. 9 (right). — Commutator motor 

SCREEN WIPER 

Showing the three -pole armature 
with a pinion-drive shaft. The teeth 
of the pinion are cut out of the solid 
shaft. 


Fi(j . 1 ( J ( kj t),- - Com - 

MUTATOR, MOTOR 
H(JItEKN' AVIPEK 

This shows tho 
inutor with its cover 
ruinov'ed. In.sido the 
cover is tlie switch 
lilado whicii wipes over 
and makes contact 
with tlio conaccting 
strip marked with a 
cross. Tho track made 
by this switch blade 
cnin also bo seen on 
tho insulated plat- 
form. 
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VA'PER MOTOR. 




\ 


INTEfiNAL TOOTHED RACK 




y 









„ rmTTrxr tTvtf^utTuijuL/ r \ 

i) \ ■> ' ) 


^WfPER ARM BRACKET 

DRiVER'S SCREENWfPER PASSENGER'S S/DE 

SCREENWIPER 

Fig. 11 . — ^Duax afipee arm eaces 


off position, the squeegee spindle can be pulled fonrard and turned 
so that the squeegee blade is in the parting position. This action is 
possible, since the squeegee spindle is put out of niesh ^rith the motor 
gearing when the loop is pulled out. With the switch lerer in the ‘‘ off ’’ 
position, the end of the loop can then be dropped into the hollow 
end of the switch lever, thus locking both the switch and the squeegee 
arm. 

Twin- arm Wipers 

To enable two arms to be linked together, various methods are used. 
One method is a toothed wheel fixed on the squeegee arm shaft on the 
outside of the motor unit. This wheel is in mesh with an internal 
toothed rack which is extended across the screen to a similar rack meshed 
Avath a toothed wheel driring the second squeegee arm. The rack drive 
is usually hidden in the bottom screen rail, Avhieh is cut away to take 
the gear. 

Remote Motor 
Drive 

The later 
method of dual- 
arm control is to 
have the motor 
minus the rack 
gear, but having a 
reduction gearbox 
fitted behind the 
dashboard, gener- 
ally under the 
bonnet. The drive 
from the contin- 
uously rotating 



Fig. 12.-— Remote scmeen- wiper motor 

This is a eoniniutat or motor with a gearbox to reduce the 
speed to that required by the squeegee antis. The size of the 
motor is inucli larger than motors that are fitted direct on tu 
the screen, and in consequence the power oiiTput is jjrreatei*. 
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shaft of the motor 
gearTbox to the 
rack mechanism 
is hy means of 
a steel shaft 
coupled to the 
motor shaft by a 
rubber coupling. 
On the end of 
the steel shaft is 
a crank mounted 
in a hearing plate 
which is fixed in- 
side of the bottom 
screen rail. 

Squeegee Control 
This crank is 

connected to the first clutch box and a further crank is taken from the 
first clutch box to the second clutch hox. The clutch box for the 
driver's screen wiper incorporates a svitch which switches on the 
motor. The screen viper on the passenger’s side can then be optionally 
'^in ” or out ’’ of action. When the driver pulls out the wiper knob 
and gives it a turn, the action puts the squeegee arm on to the screen, 
and engages the clutch with the racking drive and also switches on 
the motor. 

Laminated Rubber Squeegee 

The laminated rubber squeegee differs from others inasmuch as there 
are four separate thin strips of rubber instead of the usual thick strip. 
This makes for a smoother action and a cleaner sweep over the windscreen. 

More Powerful Motor 

The motor is more powerful, since it can be of a larger size, as the 
space it fits in is not restricted. 

Less Noise 

With the motor situated underneath the bonnet and near the engine, 
there is not that annoying buzzing sound that is common with other 
types mounted on the windscreen. 

Flexible Drive 

Another similar type of remote-motor wiper, and one more suitable 
where space is limited in the screen rail, differs mainly in the connecting 
link between the two wipers. Instead of having solid links, this type 



S'ig. 13. — ^Remote screen-wiper motor 

Another type of remote motor with the gear-box cover removed 
to show the reduction gearing. The speed of the main shaft is 
higher in this type and the final speed reduction is carried out by 
a worm drive in the racking -box fitted in the bottom screen rail. 
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has a flexible drive, 
and the reduction 
gear-box is mounted 
on the screen rail in- 
stead of being integral 
with the motor . Also 
the drive from the 
motor to the reduction 
gearbox is flexible. 

The Gearbox 

Inside the gearbox 
is the crank wheel and 
crank arm ■which give 
the racking motion to scireex-wipeb iiotoe 

the flexible link On Showing the commutator and brush gear vrith. the main 
fK fl h -ft- terminals. The brush tension is hy means of a spring 

the iLexiDle snait are pulling the two brush arms together. The spring is anchored 
two racks, each, of an insxilating piece of hard fibre. The end 

which flriveq hv square holes through which fits the main 

b , D y terminals so that connections can be made without removing 
means oi a pimon and the cover. 

through a cl-utch, one 

of the two squeegees. Here again, the passenger has independent control 
of his wiper. An interesting feature is the construction of the flexible 
shaft. The shaft is very much similar to Bowden cable as used for 
operating brakes, etc., hut to reduce wear and friction between the inner 
cable and the outer casing, steel balls are threaded on the inner cable. 

Service to Screen Wipers 

When a screen wiper is being tested on the car with a dry screen, an 
overload is imposed on the motor and more particularly on the 
mechanism. Although this •will ca'use the motor to run hot in a very 
short time, the danger is the stripping of the gear wheels. The obvious 
protection is thoroughly to wet the -windscreen before operating the 
wiper, and this should always be done unless the squeegee arm is removed. 

Faulty Switch 

A switch which will not operate may be d’ue to a bent cover or to 
dirty contacts. If the contacts are dii'ty, they can he cleaned vith very 
fine emery cloth. All connections should be examined for breaks and 
resoldered if necessary. 

Sluggish Motor 

If the speed of the motor is slower than usual, it is generally due to 
dried-up bearings, and these should be kept oiled. The gearbox, also, 
should be kept i^artly filled with high -melting-point grease. Do not 
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forget the moving 
parts of dual arm 
controls, as these 
are apt to he 
overlooked, as 
they are out of 
sight, A little. oil 
on these parts will 
lessen the load on 
the motor. 

Sticking Brushes 

Another cause 
fox slow running 
is worn-ont ox 
sticking hxushes. 
These should be 
renewed if worn 
sufficiently to 
prevent them 
making a firm 
contact with the“ 
commutator. 

Sticking brushes can he eased hy cleaning them with a cloth and a few 
drops of petrol. 

Dirty Commutator 

The commutator can be cleaned by holding very fine sandpaper on 
its surface whilst rotating the armature by hand. 

Burnt-out Motors 

Bnmt-ont motors can he due to neglect on the part of the driver to 
switch off the wiper after it has stopped raining. To allow the wiper to 
continue in operation will cause the screen to dry up, and the increased 
friction between the squeegee and the screen may stall the motor without 
the driver being aware of it, and the motor is left switched on, with the 
result that the windings are burnt out. 



lig. 15 . — Remote scbeen-wiper motor oeajrbox 
This shows the gearbox of th© motor together "with tli6 amoimt 
of grease put in "by the makers. To diminish, the armature speed 
to the slow speed required, the reduction gearing is by means of 
both worm and pinion. The ■worm, on the motor shaft can be 
seen on the right of the large gear wheel. 


BUILDIP^G UP WORN PARTS BY 
OXY-ACETYLENE WELDING 

By C. G. BAINBRIDGE, AAIJAIech-E. 


T he worn surfaces of most metal parts can be built up with metal 
similar in composition to tlie original, and capable of being re- 
macliined to the original size,* so that tlie part will be eq[iial to new. 
In many cases, the part niay^ be built \ip with a metal which will provide 
a surface having qualities superior to the original. 

On the other hand, parts may be surfaced, before being put into 
service, with a metal which will give superior wear -resisting properties 
to the wearing surfaces, as is done bj the manufacturers of stellited 
valve-seat inserts. 

Any ferrous metal may be surfaced with a lower melting-point non- 
ferrous metal ; hard -facing metals may also be applied. It is not 
possible, however, to surface a metal with another metal having a higher 
]nelting-poiiit. 

It is iinniediatety obvious that no one surfacing metal can possibly 
satisfy all the surfacing requirements ; many different types of surfacing 
metals are now available, and they may be classified as follows : 

Type 1 — Surfacing Metals similar to Base Metal 

(a) Surfacing Avith a metal similar to that of which the Avorn parts 
consist (steel, cast iron, non-ferrous metals, etc.). Suitable for gear 
teeth, splines, worn holes, etc. 

[h) ^Surfacing steel Avith an iron-hase hardenable metal similar in 
composition to base metal. Suitable for cams, push-rods, etc. 

As these Avelding rods are similar in composition to the base metal 
the melting-point is also similar, so that the ordinary fusion welding 
teclinici^ue, i.e. intermixing of the deposit and base metal, is used. 

(c) Application to steel of special iron-base welding metal such as 
carbon chroiniiiin-nianganese, or chronie-vanadiuiii alloys. Suitable 
for parts subjected to excessive shock and moderate abrasion. As the 
composition of the surfacing metal is different from that of the base 
metal a surface -fusion technique is used in order to aAmid intermixing 
suitable for parts of sand and ballast handling plant, excavating machin- 
ery, etc. 

M.K.O. IV. 10 
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Deposits are 
moderately hard ''as 
deposited , ’ " cannot 
be machined, but can 
be shaped by grind- 
ing or forging and 
can (if necessary) be 
hardened. 

Type 2 — Non-ferrous 
Surfacing Metals 

The surfacing of 
ferrous and non- 
ferrous parts with 
non-ferrous metals, 
e.g. bronze, in order 
1* Building ut wobn teeth on stajitee resist corrosion, 

{FromtJie '' Oxy-acetyleneWeldingJRepair Manual,'^ Porteous Ltd., friction and 

London,) , y , 

ensure machinabil- 

ity. This is a non-f'usion process, i.e. the base metal is heated only to the 
melting-temperature of the surfacing metal. For further description see 
page 151. 

Type 3 — Hard-surfacing Metals 

Hard-surfacing by means of special composition ferrous and non- 
ferrous alloys, in order to resist conditions of seyere abrasion, corrosion, 
heat-softening, and shock. A surface-fusioTi process. 

Depositing Techniques 

The technique of depositing surfacing metals is often somewhat 
different from the usual fusion jointing techniques. Metals similar in 
composition and melting-point to the base metal are, of course, fused 
on to or inter-alloyed with the base metal, using a neutral flame as in 
ordinary joint welding ; this is a "fusion ’’ technique. 

When, howeyer, the compositions and melting-points of the surfacing 
and base metals are different, it is usual to employ some form of "non- 
fusion or " surface fusion technique, in order to preyent inter-alloying 
of the metals. This avoids dilution of the surfacing metal with the base 
metal, which is likely to lower the value of, or eliminate entirely, some 
or all of the special characteristics intended to be provided by the various 
elements involved in the surfacing metal. 

When steel is the base metal, iron- or cobalt-base alloys may be 
deposited without inter-alloying hut with a perfectly rehahle bond by 
creating a state of surface fusion of the base metal. The creation of this 
surface fusion relies on the fact that hot steel will absorb carbon, that a 
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high-carbon steel melts at a lower tempexatnre than a low-caxbon steel, 
and that an oxy -acetylene flame embodying an excess of acetylene 
contains free carbon. 

When an oxy-acetylene dame having an excess of acetylene is applied 
to steel, the surface is heated until it absorbs sufficient carbon to melt 
at a lower temperature than the melting-point of the metal immediately 
under the surface. This phenomenon produces what appears to be a wet 
or ‘‘sweating ” surface on the steel, and “ the sweating condition is 
the term generally used by welders to describe this state of surface 
fusion. 

The high-carbon skin has, of course, no measurable thickness and 
does not contribute in any way to the hardness of the deposit, as the 
infinitesimal proportion of carbon is difinsed in the surfacing metal as 
soon as it is deposited. 

Surface metal deposited on to such a sweating surface has a perfectly 
strong reliable bond which will not split or flake off in service. This 
should be obvious from the fact that this type of bond is used for the 
application of surfacing metal subjected to the most severe shock and 
abrasive conditions, such as the surfacing of worn railway crossings. 

Apart from the prevention of dilution of the surfacing metal, this 
technique has considerable value in that it avoids disturbance of the base 
metal ; this is a valuable point w^hen the base metal is in itself a steel 
of special composition and characteristics. 

Surface fusion or sweating can be employed only for iron- and eohalt- 
base depositing metals and when the base metal is steel ; cast iron will 
not sweat, neither will non-ferrous metals. When it is necessary to 
deposit an iron- or cobalt-base alloy (which melts at a temperature near 
that of cast iron) on to cast iron, the surface should be built up in two 
layers. The first layer must be more or less fused with the cast iron ; 
the surface so produced, although an alloy of deposit and base metals, 
will sweat under the conditions described above, ready for the reception 
of the second layer of surfacing metal. 

When non-ferrous metals, such as bronze, are deposited on to steel 
and cast iron, or a non-ferrous metal of higher melting-point, such as 
copper, it is not necessary or desirable to produce even this state of 
surface fusion, and the bronze is deposited at a base -metal surface 
temperature approximately equal to the melting -temperature of the 
bronze, i.e. with a non-fusion technique. 

GENERAL PRACTICAL NOTES ON THE PREPARATION OF SUR- 
FACES AND THE DEPOSITION OF SURFACING METALS 

Building up Gear Teeth, Splines, etc. 

When building up small narrow surfaces, such as gear teeth, splines, 
etc., do not attempt to deposit too much metal in one run. It may be 
necessary to deposit several runs in order to build up to the desired 
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Fig. 2. — Build ESTG up worn portion op shaft 
S howing light and wrong sequence in depositing the “runs.” 

{From the Oxy-acetylene Welding Repair Manual,''' Forteous Ltd., London.) 

depth, but it is easier to control the molten metal in small runs than 
it is ill a lieaTy run which, moreover, usually leads to the deposition of 
more metal than is necessary. Care should be taken to see that each 
run of metal is thoroughly amalgamated with the previous run. 

Examine for Craclcs 

Badly 'worn surfaces which have been subjected to severe impact 
when in service should be carefully inspected for cracks or flaws before 
resurfacing is attempted. If cracks are found to be present the surface 
must be removed by machining or grinding to a sufficient depth to ensure 
that the cracks are entirely removed. 

Large surfaces should be covered by laying down a series of beads, or 
runs of weld metal ; no attempt should be made to flow the weld metal 
over large areas, otherwise lack of bond between weld metal and base 
metal is sure to result. 

This applies especially to the fusion technique, and the depositing 
of bronze on to ferrous metals with the non-fusion technique. 

When it is necessary to huild up a point or edge, which has been 
entirely worn away, copper backing -plates may he used as a mould or 
supi^ort for the deposit metal. Carbon plates may be used in the same 
way for bronze surfacing. 

In cases of excessive wear, it is usually not economical to build up 
the whole of the worn portion with high-grade surfacing metals ; a 
lower -grade wear and impact-resisting metal may be used for building 
to approximately the original shape, leaving just sufficient allowance 
for an overlay of hard surfacing metal. If the wear has been very great, 
it may be possible to weld an entirely new piece of metal on to the worn 
surface, surfacing metal being applied to the new metal surface or 
edge. 

Note. — Low-strength, joint-making welding rods are not suitable 
for building up underlays for hard-surfacing metals, as they do not 
usually provide sufficient support for the hard surface. 
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Building up Shafts 

In building up the worn portions of sliafts, do not start at one place 
on the shaft and continue to deposit metal until the whole siiriace is 
cohered. do^yn beads of weld metal parallel to the axis of the shaft, 

that is, in line witli the centre line. After laying down the first run. 
turn the shaft 1 80° and lay down the second head on the opposite side 
to the first run. After completing the second run turn the shaft- 90% and 
lay down the third head between the first and second, after tliat lay down 
the fourth between the first and second opposite to the third, and so 
on, always placing each run opposite the previous run. In this way the 
heat is applied to the shaft uniformly and there will be little or no tendency 
fox the shaft to distort. 

The built-up portion of a shaft should be reheated after the surfacing 
is completed and then allowed to cool dow’n slowly and uniformly. 

Short, large-diameter articles such as rollers need not be quartered 
in this way. The deposit should still he applied in beads parallel to the 
axis. But the heads may be laid down one following the other around 
the circumference of the roller. 

Large sliafts ox, in fact, any large parts, should be preheated before 
commencing to lay doyra \Teld metal. 

Large articles or surfaces may necessitate the employment of a second 
operator yvith a blowpipe keeping the job hot during depositing. 

As far as possible, always arrange for the average level of the depositing 
surface to be horizontal. Small parts can he preheated with the blowpipe, 
but larger parts will necessitate proper arrangements. 

Building up Metal on Castings 

Castings must always he preheated in order to reduce the risk of 
setting np local stresses during welding or vdien the Aveld metal cools, 
and to prevent distortion due to contraction of the weld metal. Pre- 
heating increases the speed of deposition and saves oxygen and acetylene. 

Oil or grease must he removed from the depositing surface, otherwise 
gasification may cause porosity of the deposit. 

Preheating may he carried out in proper muffles, or in temporary 
gas- or charcoal-fired loose firebrick furnaces such as those used for the 
preheating of castings for welding. The value of the latter type is that 
the part can be surfaced while still in the furnace, whereas mu file -heated 
jobs have to he removed for surfacing. This does not matter for steel 
parts, but it is dangerous for cast iron due to the risk of Local cooling 
causing cracking. 

Slow cooling is also just as essential as sIoav preheating. 

Use the “ Forward ” Method 

The ‘‘ forward ” or ‘‘leftward ” method of depositing will generally 
be found best, as the forward heat of the fiame preheats the surface on 
to which the metal is to he deposited. 
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Tke aagles of blowpipe and welding rod for both techniques should 
be similar to those used for ordinary fusion -joint welding. 

The Blowpipe 

Ordinary single -jet welding blowpipes are suitable for most re- 
surfacing work, but for very large areas the welder would do well to 
consider the employment of blowpipes having two or three jets. 

How to avoid Flaking Off 

Great care should always be taken to make sure that the deposit 
metals are thoroughly fused with (or in the case of surface fusion or non- 
fusion techniques, united with) the edges of the surface to be built up. 
Neglect to ensure this may result in deposit metal chipping away or 
flaking off from the edges of the deposit. It is often better to make 
sure of edge fusion or unity with the base-metal surface by laying down a 
separate head of metal along the edges, instead of relying on the greater 
mass of deposit metal being worked out to the edges. Overhang of 
deposit metal should be generally avoided. 

Flux 

No flux is required for depositing steels, but the appropriate fluxes 
supplied for bronze and cast-iron welding should be used for these metals . 

Application of Hardenable Surfacing Metals 

The following notes amplify the brief notes already given regarding 
the various types of steel welding rods. 

The application of hardenable deposits is only recommended for 
parts having small edges subjected to excessive wear, such as the ends of 
punches, cams, small cutters, knives, and dies. 

With this type of rod the deposit, in the as welded condition, is 
soft enough for machining and shaping, the required hardness being 
obtained by reheating and quenching. 

The hardness depends somewhat on the carbon content and method 
of quench employed, but hardness in the region of 600 Brinell is easily 
obtainable ; in the case of steel deposits the hardness may be lowered 
by tempering. Cast iron provides an excellent hard surface when 
quenched, provided the area of the deposited surface is not too large. 
In the ‘^as deposited” condition, without rapid cooling, the deposit 
hardness usually varies between 200 and 350 Brinell. 

Surfacing with Bronze 

Surfacing with bronze avoids melting the base metal so that this pro- 
cess is, of course, excellent for building up worn or missing portions of 
malleable-iron castings. For the same reason, the necessity for pre- 
heating is often eliminated, so that bronze deposits can be made without 
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dismantling the part , 

Bronze surfaces have 
a low coefficient of 
friction, are easily 
machined and have 
excellent wear- and 
corrosion - resisting 
properties. 

When surfacing 
with bronze it is 
important to provide 
a thoroughly clean 
surface on to which 
the bronze is to be 
deposited. Oil or 
grease must be re^ 
moved. On shafts ^ 
the surface is quite 
well prepared by 
ordinary machining, but on flat surfaces the surface may be cleaned by 
filing, chipping, or sand-blasting. If cast-iron surfaces are ground it 
has been found advisable to either sand-blast afterwards or to heat the 
surface with the oxy-acetylene flame, before depositing, in order to 
remove the surface graphite. 

The surface must he tinned ’’ (with the bronze welding rod) in 
conjunction with a suitable flux before building up to the full bronze 
thickness required. The tinning operation is most important on cast 
iron and care must he taken to make sure that molten bronze does not 
run on to untinned surfaces. On steel, tinning proceeds ahead of the 
depositing more or less automatically, but on cast iron the welder must 
make sure that he actually tins the surface ahead of the bronze deposit. 

General experience has shomi that the best welding conditions are 
obtained when the oxy-acetylene flame is adjusted to a shghtly oxidising 
condition ; not only does this promote a better bond between the bronze 
and the parent metal, but it prevents volatilisation of the zinc, and 
enables a better control of the molten metal to be obtained. Flux 
is applied before welding by mixing to a paste and painting on to the 
surface to be built up, and during welding the heated end of the welding 
rod is occasionally dipped into the flux. Preheating temperature need 
not be more than black hot or very faint red, the bronze depositing 
temperature being approximately S50°-900° C. 

If the deposit surface becomes too hot, or is not hot enough, difficulty 
will be experienced in getting the bronze to ‘'tin.'’ 

There is only one limitation to the use of bronze as a surfacing metal ; 
this is that bronze begins to yield as soon as a temperature of approxi- 



Fi ^. 3. — Builbxxg ut vtohn caxis with cast iron 

{From the Oxy-acetylen e Welding Re jpalr Manual ” Forteous Ltd,., 
London,) 
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desirable to make the 
coating as thin as 
possible, in fact a thin 
coating is subjected to 
less puddling, agitation, 
and orerlieating than a 
thick deposit. 

All hard-facing 
alloys are intended 
to be applied -without 
interalloying them with 
the base metal, i.e. with 
a surface -fusion tech- 
nique. 

The mixing of base 
metal with Stellit e would 
lower its red hardness 
and abrasion resistance. 


INMER 

/EXetAS ACETYL-ENE feather. 

J /OUTER envelope FIL^mE. 

/ / ySWEA.TINCi " SURF^CE: 



Fig. 6. — STELXiTrNG 

Applying flame to produce ^‘sweating of the steel 
to be surfaced with Stellite. 

lN*4EBt 

.Excess ace-tv-lene Fea.tke;2. 

^ / ^OUTER Er-lVELOPE Flan\e 

PUDDL.E OF STELLITE 


' ,-y' // y'/ ,/ .y .STEEL. '/"y'/h 


STEUUITE deposit 


Fig . 7. — Stexliting 

Depositing the Stellite, showing end of rod melting and 
forming a puddle on the sweating ’’ steel surface. 


The Preparation of Parts for Stelliting 

111 the preparation of parts for Stellitmg, for example valye-seat 
inserts, sharp edges or corners must be avoided, as these are liable to 
scale or oxidise and prevent the Stellite from bonding with the surface 
of the edge or corner. An external radius is not required ; all that is 
necessary is to remove the sharp edge. Internal corners should also be 
w’^ell radiused. Surfaces to be Stellited should be arranged horizontally. 
Surfaces must also be clean and free from surface scale, oil, or grease, or 
any other foreign matter. A ground or machined surface is the best. 
Cast-iron flux should be used Avhen depositing on to cast iron, and is 
sometimes found useful for steel. 

The excess acetylene flame should be tAvo to three times as long as 
the normal neutral cone. The flame should be as soft ” as x^ossihle ; 
this can be obtained by reducing the gas pressure beloAv the usual recom- 
mendations for the particular nozzle being used. Use the sniallest-size 
nozzle Avhieh will give sufScient heat for the joh. The depositing surface 
is brought to the SAveating condition as already described. 

The Stelliting Process 

The Avelding rod is applied betAveen the inner cone of the tiaine and 
the hot base metal. The majority of the heat from the tlanie is directed 
upon the rod, Avhieli melts and forms a puddle on the SAveating steel 
surface. If the base metal is at the right temperature this puddle will 
spread uniformly, and an entire surface can be covered by manipulating 
the wielding rod and blowpipe flame in this Avay. VYhen depositing is 
tinished, withdraAv the flame sloAvly. 
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The extent of the sweating area around the end of the blowpipe flame 
will, of course, vary according to the size of nozzle in use, but provided 
the base metal has been brought up to a high temperature to begin with, 
sweating proceeds more or less automatically as the surfacing continues. 

Preheating temperature should be about 800° P., that is, a very 
faint red when viewed without goggles in a darhened room. It is 
essential that the preheating temperature shall not he too high, otherwise 
the metal may scale, while if the preheat temperature is not high enough 
more blowpipe heat will he required in order to produce the sweating 
condition, thus increasing the cost of the process. Preheating also 
avoids sudden chilling of the deposit metal, which may cause cracking, 
the ductility of most hard-facing materials being very low. Jobs having 
a large surface to be hard faced should be preheated and surfaced in a 
temporary charcoal or gas furnace so that the heat can he maintained 
while the surfacing is proceeding. 

During depositing, hard-surfacing metals are liable to be detrimentally 
affected by too much heat, or excessive agitation, so that care should 
be taken to make sure that neither the base metal nor the welding rod 
is overheated. From the point of view of both economy and satisfactory 
surfacing, the deposit should be laid down as thinly as possible. 

After Stelliting 

Cool slowly in order to produce a deposit free from cracks and internal 
stresses. Small parts can be taken as soon as deposited and placed in a 
box containing powdered mica, lime, ashes, or other heat-insulating 
material, so that they will cool slowly. 

After depositing, the deposited metal may be reheated with the 
welding blowpipe, so as to flow the surfacing metal to a smooth finish, 
free from the irregularities which occur during the initial depositing. 

Hard-surfacing metals will not withstand shock unless supported hy 
base metal, so that overhang must be avoided. If overhang occurs it 
must be ground off before the article is put into service. 

Hard-faced deposits can only be finished or smoothed hy grinding. 
Care should be taken to use a soft -grade vitrified wheel running at a 
speed of between 3,000 and 4,500 surface ft. per minute. 

Hard-surfaced parts, of course, must never be cooled hy dipping 
in water. 

Building up Worn Cams 

If re-machining or cam -grinding equipment is available, cams may be 
built up with a hard-surfacing metal (Class 3) or cast-iron welding rods. 
This type of repair is not recommended if more than two (or at the most 
three) cams are worn badly, owdiig to the high cost of grinding, although 
other circumstances might necessitate this type of repair. Mount the 
shaft in vee supports. Build up the cam to the required amount, and 
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while the deposit is still at a cherry-red heat, quencli by dipping the shaft 
vertically in water. Repeat for each cam. Fig. 3 shows a good method 
to prevent warping of the camshaft — a jet of water being projected on 
either side of the cam being treated. To enable a sharp edge to be obtained 
after grinding, allow the deposit to shghtly overhang the sides of the cam. 

Gear-selector Forks and Crown Wheels 

To repair gearbox; selector forks and crown wheels made of aluminium 
bronze, a special aluminium-bronze welding rod and an aluminiuiu-bronze 
or cryolite flux must be used in conjunction with an excess acetylene ilaine. 
Clean the edges to be welded carefully, and preheat the part to almost 
welding temperature with the blowpipe before commencing the welding 
operation. Heat the end of the rod and dip it into the powder inx. 
When welding, move the rod vigorously in the w^eld pool to break up 
and remove the aluminium oxide which forms on the surface of the pool 
as a brown skin. This clings to the end of the rod, and should be occasion- 
ally removed by tapping the rod on the bench or by melting the end of 
the rod on to the bench or floor. Keep a large area well heated, and then 
add the filler metal quickly without getting very deep fusion. 



ELECTRIC SPEEDOMETERS 

By JOHN L. P. PINKNEY, M.S.A.E.E. 

T Ori^L mileage and trip records were at one time of far more im- 
portance than TOs an indication of the car’s speed, hnt ever 
since restrictions v^ere imposed on speed in certain areas an 
accurate indication of the car’s speed is no^v demanded. This accuracy 
can be achieved by electrical means and with more iexibility than with 
the mechanical speedometer with its flexible -shaft drive. 

Trip Records 

One of the main drawbacks to the electric speedometer is the inability, 
without undue expense, of incorporating recording mechanism. One 
way to overcome this drawback is the fitting of the mileage-counter 
mechanism in the d5mamo casing. In this situation, the dynamo must 
be mounted in a position affording easy access to enable readings to he 
taken. The mechanism can also be electrically operated, in which case 
the indicator can be fitted on the dashboard. 

Principle of Speedometer 

The working principle of the electric speedometer is a permanent - 
magnet dynamo driven from any rotating part of the car, e.g. the gearbox. 


EVENLY DIVIDED SCALE 



Fig. 1. — ArHANGEME NT of AK ELECTHIO speedometer USIN-Q- a PERIMA^rENT-IVIAGiS'E^ 
D.C. DYN-AINIO COVPLED WITH A D.C. MOVII^G-COID METER AS AN IJiDICATOE 

Not© the evenly divided scale. 

156 
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AC WOv:mG iRC'^ VE^£R 
QR ind;cajcr 



Fig. 2. — Electhic speedometer withan A.C. dynamo controlling an A.C. nietdr 

iNote the imeTen scale on the indicator. Both the dynamo and the indicator are simpler 
than the B.C. arrangement, and nianufactuTing costs are lower. 


The indicating device is a voltmeter vMcli is connected to the dynamo 

two vdres. 

If the armature current is kept small, as it will be if the voltmeter is 
of high resistance, the field will be constant in yalne, since there would 
be a negligible cross-field to upset the pernianeiit magnet. Under these 
circumstances, the volts generated by the dynamo will be in direct pro- 
portion to the dynamo's speed, so that if a moving-coil voltmeter, with 
the scale calibrated in miles per hour, is used, the scale reading will be 
evenly divided. Ent with this system there is one disadvantage, and this 
is that by nsing a direct-current dynamo, Avith its rotating winding and 
brushes, much attention is needed to ensure constant, aeeiirate working. 

Alternating- current Dynamo 

One way to overcome this disadvantage is to employ an alternating- 
current dynamo in conjunction with a moving-iron voltmeter. The 
dynamo in this instance would consist of a rotating-inagnet field, with 
the armature winding stationary, and thus dispensing with rubbing 
contacts. Also, a direct -current dynamo costs more to maniiiacture than 
an alternating- current dynamo. 



158 [YOL. IT.] ELECTRICAL AND ACCESSORY EQUIPMENT 




AC. WAVE FORM 



FULL WAVE RECTIFIED 
D.C. 


Fig. 3. — The recognised superiority oe both tee A.C. dynamo ajtd the moving-coii 

INDICATOR, "VTOH ITS EVEN SCALE, ARB SHO'WN HERE CONNECTED TOGrEXHER : 

OP A PULE- WAVE DRY-PLATE RECTIFIER 


Here, again, there is one drawback to this system, and it is that a mow- 
ing-iron instrument has a scale which is not ewenly divided but is generally 
cramped at the beginning, with the remainder of the readings widely 
spaced. This sort of scale is satisfactory inasmuch that the important 
thirty-miles-per-hour reading can be arranged in the centre of the dial, 
but low readings are more dijfficult to read with extreme accuracy as, with 
these cramped together, eren the thickness of the pointer would introduce 
uncertain errors. One great advantage of the mowing -iron meter is its 
simplicity and low cost. 

Rectified A.C. 

There can be no denying that the alternating-current dynamo is the 
best to use, since it demands very little attention and this is for oiling only, 
and there is also the advantage of 
the lower manufacturing costs. 

Also, the moving-coil type of 
indicator is the best if accuracy 
of reading is demanded over all 
of the scale. These two units can 
be used together, that is, an 
alternating -current dynamo can 
be employed in conjunction with 
a direct- current moving-coil in- 
dicator by incorporating a rectifier 
in the circuit. 

This has been made a simple 


INSULATED 

WASHER 



ASSEMBLY ROD 
WITH TIGHTEMING MUT 

X 


BRASS COOLING 
FIN 


OXIDE ^ 
TREATED COPPER 
WASHER 


LEAD WASHERS 
FOR IMPROVING 
CONTACT SURFACE 


Fig. 4. — Construction of the elements 

OF METAL RECTIFIER 
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GEARBOX CASING 


matter by the introduction 
some years ago of the dry 
metal-plate rectifier, which 
converts alternating current 
to direct current. This type 
of rectifier is used for battery 
charging and is described on 
p. 40. 

The Drive 

The d37naino can he de- 
signed far belt drive off the 
transmission shaft by fitting 
a split pulley on the shaft. 

This design is useful on those 
vehicles not provided with 
a speedometer drive on the 
gearbox, as the fitting up of the dynamo and the split pulley can he carried 
out with hut little trouble. 

When a speedometer drive is provided in the gearhox, special adaptor 
plates are supplied to enable the dynamo to he fixed in position. 

When the drive is below oil level, the dynamo is fitted vith suitable 
oil seals to prevent the oil penetrating through to the inside of the 
dynamo and its windings. 



5. SPOEEDOMErUB DB.I\’E WITH TLEXIBLE 

RUBBER COUPLING TO GE^'ER-A.TOE 


Flexible Drive 

On some existing drives, no room is available to fit the dynamo in 
position, and in such cases the dynamo is fitted on a platform which is 
secured on to the side of the gearbox. The drive is then by means of a 
short length of rubber tubing, which tabes care of any maladjustment 
between the dynamo and the existing drive. Also, with this mode of 
fixing, there is no trouble with oil leakage, and therefore there is no neces- 
sity for fitting oil seals in the dynamo bearings. 


Voltage Calibration 

Means must he provided to enable the indicator to register the correct 
speed of the vehicle and to allow of the units being iiiterchangeahle with 
each other. This calibrating is essential, since the speed at which the 
dynamo will he driven for a corresponding road speed of, say, thirty miles 
per hour will differ for different makes and types of vehicles. The r.p.in. 
for a speed of thirty miles per hour will he in the region of 1,300 to 2,000. 


Adjusting Strength of Magnet 

One method of adjusting the voltage output of the dynamo is to em- 
ploy magnets of various thicknesses to suit a certain range of speed. The 
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Fig. 6. — A.G. oeneha-tob coupxed rro existing 

SPBEDOaiETEE DBI^TE IN GEAJIBOX 


final calibration is then 
taken care of by short- 
circuiting part of the mag- 
netic fl-ux by means of steel 
adjusting screws, which can 
be adjusted to yary the air 
gap between the outer 
casing and a steel pin which 
passes through the field 
laminations. 

Weakened Field 

This shunting of part of 
the magnetic flux will lessen 
the number of lines of force 
cutting through the turns 
of wire on the field winding. 


and the voltage generated across this winding will be diminished. 


Variable-resistance Calibration 

Another method of calibration is by adjusting the amount of resistance 
wire placed in series -with the indicator, so that a portion of the current, 
which would otherwise help to increase the reading on the indicator, is 
dissipated in heat. The use of Eureka resistance wire also assists in 
correcting temperature errors which are likely to arise with the varying 
temperatures of the dynamo winding. 




THE VAUXHALL ELECTRICAL SYSTEM 

10.H.P. CARS 

The wiring diagram for Vauxhall U-Foiir cars is give?i 
oni^age 88 . 

To Remove Dynamo 

T O remoTe the dynamo, disconnect all leads ; slacken off as for 
adjiistment of belt, but in this case remove the fan belt. Remove 
the bolt from the link and the rear bolt underneath the d\mamo, 
also the nut and i\’asher from the front mounting stud, Avhen the dynamo 
can be moved forward to clear the stud. 

To Dismantle Dynamo 

Remove the dynamo brushes. Remove the armature -shaft nut and 
washer and di'aw off the pulleys utilising a drag, such as Britool Brag No. 
8Ma, Remove the woodruff key. Remove the nuts from the through 
bolts which pass through both endplates. Remove the commutator 
endplate. 

Carefully withdraw the diuving-end bracket assembly together with 
the armature. After removing the driving-end bracket, the armatm'e 
can be carefully pressed out. To remove the ball bearing from the drive 
endplate, take out the three screws, so releasing the beariiig-retaiiiiiig 
plate. 

The tension of the brush springs can be tested with a small spring 
scale and should be within the limits of 15-25 ounces. 

Asseinhly of the dynamo is merely a reversal of the order of operations 
for removal. 

When assembling the pulley endplate, do so in the following order : 
felt retainer, felt, spring, bearing, hearing-retainer plate. Then insert 
the three screws. Place the cup|3ecl washer on the shaft with the dished 
side inwurids, and press the end coyer on to the shaft. Dowels locate 
both end covers, so that no mistake is possible. Thoroughly tighten the 
through bolts. Tit the shaft and pulley key before pressing on the 
pulley. 


CONTROL BOX 

The control hov, wbioli is attached to the left-hand side of the dash- 
board underneath the bonnet, houses a voltage regulator, eut-out, and 
fuses. 

M.H.O. IV. — 11 101 
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5 6 7 



Fig, 1. — Voltage begula-TOR. 

Frame cut away to show niomitin.g of fixed contact plate. 
1. Regulator arniatiE'e. 2. Fixed contact plate. 3. In- 
sulating hushes. 4. Packing plate. 5. Insulating plates. 
6. Screws securing fixed contact plate. 7. Regulator adjust- 
ment screw. 


If a,ny electrical 
accessories are fitted 
they must be con- 
nected to one of the 
terminals in the con- 
trol box marked A4 
or A2, Connection 
to any other point 
■will damage the 
dynamo controller. 
It is preferable to 
use terminals marked 
A4, bnt in the case 
of some equipment 
(such as a car radio 
set) this would prove 
inconvenient, as it 
would be possible to 
operate the access- 
ories only whilst the 


ignition was switched on. In such cases the terminal marked A2 should 
be used. 


Voltage Regulator 

The voltage regulator operates in conjunction 'with the dynamo, auto- 
matically varying the output according to tie load on tie "battery and its 
state of charge. The regulator also incorporates a temperature compensa- 
tion which adjusts the setting to suit cimatic conditions and which also 
causes the dynamo to give a controlled boosting charge at the beginning 
of a run. The regulator is combined structurally with the cut-out. 

Regulator Adjustment 

The regulator is carefully set before leaving the factory to suit the 
normal requirements, and in general it should not be necessary to make 
any alterations to this setting. If, however, the battery fails to keep 
in a charged condition, or if the dynamo output does not fall when the 
battery is fully charged, it may be advisable to check the setting and if 
necessary readjust. 

It is important before altering the regulator setting, when the battery 
is in a low state of cliarge, to ensure that its condition is not due to a 
battery defect or to dynamo-belt slip. 

For adjustment, proceed as follows : 

Withdraw the cables from the terminals marked A and Al in the cnt- 
out and regulator unit, and join them together. Connect the negative 
lead of a voltmeter — which shonld be a high-grade moving-coil instrument 
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reading 0-20 volts, ^ith an open scale so that fractions of a volt can be 
read^ — -to the D terininal on the d^mamo, and connect the other lead from 
the meter to earth. 

The regulator incorporates a thermostatic compensation Avliich adjusts 
tie setting of the regulator according to var^dng temperatures, and this 
must be taken into consideration when can-ying out adjustments. 

Adjustment must he made with the regulator cold, i.e. immediately on 
starting the engine, and the atmospheric temperature must he noted by 
means of a thermometer. Slightly increase the speed of the engine until 
tie Yoltmeter needle flicks and then steadies. This should occur at a 
readmg between the limits given below for the particular temperature of 
the regulator. 



Atmospheric Temperature 

Regulator Settmg' 

10 ® c. 

50° F 

8- 3-8*6 volts 

20® C. 

68° F 

8* 2-8-5 volts 

30° C. 

86° F 

S* 1-8*4 volts 

40® C. 

104° F 

8* 0—8 *3 volts 


If the voltage at which the needle reading becomes steady occurs 
outside tie limits, the regulator must be adjusted. 

Switch off the engine, release the locknut securing the adjusting screw 
(Tig. 1) and turn the screw in a clockwise direction to raise the setting, or 
in an anti-clockwise direction to lower the setting. Turn tie adjustment 
screw a fraction of a turn and then tighten the locknut. 

When adjusting, do not run the engine up to more than ialf-throttle, 
as while tie dynamo is on open circuit it will build up to a high voltage 
if run at high speeds, which will result in a false voltmeter reading. 

Cleaning Contacts 

To obtain access to the regulator contacts for cleaning pmposes, 
slacken the screws securing the plate carrying tie fixed contact, Fig. 1. 
It will be necessary to slacken tie upper serew^ slightly more than tie 
lower, so that the contact plate may he swung outwards. Clean tie 
contacts by means of fine carborundum st one or glasspaper, being sure to 
carefully clean away all traces of dirt or foreign matter. Finally, tighten 
the securing screws. 

Replacement of Contacts 

If the contacts are badly worn they must be renewed. Remov^e the 
armature by withdrawing tie two screws which secure it to the regulator 
frame. Fit a new armature in position but do not tighten its securing 
screws. Insert a *01S-in. feeler strip between the regulator frame and 
the hack of tie armature. Press tie armature firmly against the feeler, 
so that tlie back of tie armature is parallel with the frame. Tighten the 
securing screws. 
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To fit a plate carrying fixed contact, slacken off the fixing screws 
as described under '' Cleaning Contacts/’ so that the old plate can be 
s'cvning outward. The upper screw is now free and can he screwed into the 
corresponding tapped hole in the new plate. Slacken off the lower screw 
until the old contact plate can be withdrawn. Move the new plate into 
its vertical position and secure by tightening both screws (this procedure 
avoids displacement of the insulation and distance-piece beneath the 
plate). 

The space between the armature and frame should be checked by 
inserting the feeler strip between the armature and the frame immediately 
behind the contacts. This gap should he within the following limits : 
•016—020 in. 

If necessary, adjust the position of the fixed contact by means of thin 
shims -005 in. thick, which must be fitted between the fixed contact plate 
and the backplate. When the armature is pressed right down, the gap 
between the contacts should be fiom *006 in. to -017 in. 

Tinally, adjust the setting of the regulator as previously described. 

To Test Cut-out 

If the dynamo is not charging, before assuming that the cut-out is at 
fault, check for possible causes of the trouble heing due to the dynamo or 
its connections. 

Short-circuit the cut-out unit by connecting the terminals marked A 
and I) on the unit. If dynamo output is shown, it can be assumed that 
either the shunt or the series winding is open circuited or that the contacts 
need attention. In order to clean the contacts, remove the cut-out cover, 
place a strip of fine glasspaper between the points , close them by hand 
and draw the paper through. Repeat this two or three times with the 
rough side towards each contact. 

To Adjust Cut-out 

When it is found that the cntting-in speed of the dynamo is too high, 
connect a suitable voltmeter between the terminals marked D and E on 
the cut-out unit. Slowly accelerate the engine, and when the voltmeter 
reads approximately 6-1 to 6*5 volts the cut-out contacts should close. 

If the points operate outside these hmits, the gap must be reset. This 
adjustment is made by slackening the locknut and turning the adjusting 
screw a fraction of a turn, in a clockwise direction to raise the voltage and 
in an anti-cloekwise direction to lower the voltage. Tighten the locknut 
after making the adjustment. 


FUSES 

It will be observed that there are two separate electrical circuits, each 
protected by its own 25-ampere fuse placed on the baseplate. A spare 
fuse is also provided. 
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Fig. 2. — St-akteb driyt: 

1. Bemeshing spring. 2. Driving barrel. 3. Locating nut. 4. Thrust -washer. 
5. Restraining spring. 6. Inner sleeve. 7. Outer sleeve. S. Transmission plate. 
9. Belief spring. 10. Rubber coupling- 11. Friction washer. 12. Pressure end coupling 
plate. 15. Control unit. 14. Screwed sleeve. 15. Pinion. 


STARTER MOTOR 

The starter is a relatively high-speed motor, with a drive which con- 
sists essentially of a pinion ^vliicli engages with a toothed ring on the fly- 
wheel of the engine. 

The type of drive fitted to this starter eiiihodies a combination of a 
ruhher torsion member and a friction clutch, in order to control the torque 
transmitted from the starter to the flywheel, and to dissipate the energy 
in the rotating armature of the starter at the moment when the pinion 
engages the flywheel. It also embodies an overload release mechanisni 
which functions in the event of a very heavy bacdvfire, or if the starter is 
inadvertently meshed into a flyYvheel rotating in the reverse direction. 

The drive from the starter shaft is transmitted in the first instance 
through a key into the transmission plate, which is engaged in slots in the 
outer niemher of the rubber coupling. Between this outer member and 
the central tube is mounted a rubber torsion bush, which is so assembled 
as to press tightly against the mner surface of the outer nieinber and the 
outer diameter of the eentinil tube. At the end of the central sleeve are 
two projections which engage with slots in the couphng pkite. This 
plate has, in addition, a further pair of slots into which locate correspond- 
ing projections on the screwed sleeve. On the screwed sleeve is mounted 
the control nut, to which is coupled the barrel carrying the pinion. 
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When the starter switch is operated, the rotation of the armatixre and 
the pressure of the remesliing spring causes the control nut to engage with 
the thread on the screw^ed sleeve. The control nut and barrel carrying 
the pinion move along the screwed sleeve until the pinion meshes with the 
flyw'heel teeth. Should the teeth of the pinion meet the flywheel teeth 
end to end, the relief spring absorbs the shock and enables the pinion to 
edge its wa>j into mesh. 

When the pinion is fully in mesh with the flywheel, the drive from the 
shaft to the pinion is taken by two paths — one via the transmission plate 
to the outer member of the rubber coupling and through the friction 
washer to the screwed sleeve, while the other is via the transmission plate 
from the outer to the inner sleeve through the rubber bush and then 
directly to the screwed sleeve . 

An important feature of this type of drive is that it provides an effec- 
tive safeguard against such an overload as may be caused by a hack&ing 
or backrunning engine. Under normal loading the drive is taken through 
the rubber coupling without any shp occurring. Under conditions of 
overload, a considerable proportion of the load is absorbed by the rubber, 
which becomes torsionally deflected. In an extreme case of overload it 
is possible for slip to occm momentarily between the rubber and the sleeve 
on which it is mounted, thereby relieving the drive from the effect of the 
overload. 

To Remove Starter Motor 

Discomiect the swutch lead. Withdraw the holts securing the starter 
to the flywheel housing and the starter rear support to the crankcase, 
when the assembly can he lifted away. 

If the starter is dismantled, inspect the friction w^asher and renew if 
necessary. Check also the rubber coupling for w^ear. See that the con- 
trol nut is free on the screwed sleeve. If the pinion restraining or remesh- 
ing springs appear to he weak or axe broken, these should he renewed. 
Cheek the fit of the drive shaft in the commutator endplate hearing and 
the drive housing hearing, and renew as necessary. When reassembling 
ensure that the parts are fitted in the order shown in Tig. 2. 

SPARKING PLUGS 

On the 10-h.p. engine A.C. — K.9.Y., side electrode plugs are used, gap, 
•037 in. to *040 in. 

When setting the gap, the side electrode only should be bent. 

Two types of plugs have been used on the 25-li.p. engine : A.O.-K.9, 
side electrode with *027 in. to -030 in. gap, and A.C. -K. 11, end electrode 
with gap -038 in. to -040 in. ; at engine No. G.2592 the K.ll was made 
standard. Unless it is necessary to renew the whole set, in which case 
the K.ll should be fitted, make renewals with the type corresponding to 
that already in use on the engine. 
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To Remove Distributor 


Remove the distributor cover l)y springing 
aside the two retaining clips. Disconnect the 
low “tension lead from the haseplate terminal 
post which protrudes through the hody. 

Rotate the engine and watch the opening in 
the right-hand side of the clutch housing until 
a bright steel ball embedded in the fl^’wheel is 
seen to he opposite to the pointer with the rotor 
pointing to the position corresponding to the 
No. 1 cylinder electrode. 

The relath^e position of the electrode in 



Fi{ 7 . 3. — Distributor kotob 

CORRECT POSITION" 


the cover corresponding to No. 1 cylinder should he noted. 

Remove the twD nuts securing the distributor to the crankcase boss, 
and slacken the clamp holt holding the vacuum control arm to the 


distributor bod^^ 


Withdraw the distributor assembly from the crankcase. 


To Replace and Retime Distributor 

If the engine has been rotated since the distributor was removed, it 
must be turned so that the steel ball is opposite to the pointer with No. 1 
piston at the end of the compression stroke, which can be ascertained b^’ 
observing when both the inlet and exhaust valves are closed. 

Turn the distributor rotor to the position wiiicli corresponds to the 
No. 1 cylinder electrode in the cover. 

Note the position of the slot in the end of the distributor shaft, and 
line up the dog at the top of the pump spindle to correspond. This can 
be turned by using a long screwdriver inserted down the boss in the crank- 
case ; when positioning, allowance must be made for the angular move- 
ment of the distributor shaft whilst the helical gear is meshing -with the 
gear on the camshaft. 

Slide the distributor into the boss holding the rotor in the correct 
position . Connect the low -tension lead. Set the micrometer adjustment 
of the vacuum control to Zero.” 

Rotate the distributor body until the points Just commence to open, 
and tighten the clamp. Replace the distributor cover. Finally, check 
the timing, using Matrascope timing lamp BritoolNo. 909/909A. Remove 
the sparking-plug lead and the small brass adaptor from Xo. 1 sparking 
plug. Fit the special adaptor supplied with the lamp and replace the plug 
lead, then clip on one of the timing-lamp leads, earthmg the other. 
Start the engine and adjust the throttle stop-screw on the carburettor 
until the engine is running slowly. 

Fix the timing-lamp reflecting “ mirror close to the inspection hole 
in the flywheel housing, and when the neon tube flashes, the steel ball 
should be visible on the chromium '' mirror.” 
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If the timing is correct, the reflection of the light from the steel ba,ll 
will occur exactly under the pointer, appearing as though the ball were 
stationary. 

Any error in the setting will he shown hy the hall appearing to rest 
at one side or the other of the pointer, and this can easily be rectified by 
loosening the distributor clamp and slowly turning the body one way or 
the other. Rotate the body in a clockwise direction if the ball has passed 
the pointer at the time of the flash. 

liter the retiming operation is satisfactorily completed, adjust the 
carburettor throttle stop-screw to prevent the possibility of the engine 
stalling under driving conditions. The micrometer adjustment of the 
distributor must not be used in the initial setting of the ignition timing. 
It is provided solely for the purpose of altering the basic setting to meet 
the requirements of the grade of petrol used, and any such adjustment 
should be made on the road. 

Cases are sometimes found, however, where tracking of the mould- 
ing has occurred. Tracking is a form of burning which takes place be- 
tween the distributor rotating electrode and the moulding electrode 
and takes the form of a thin black line in the moulding. 

A replacement moulding must be fitted in the place of the one that is 
tracked. 

Tracking can usually be traced to large sparking-plug gaps, excessive 
wear on the distributor rotor, or incorrect ignition, timing. 

If the distributor cover and rotor have been dismantled for inspection, 
after replacing the rotor, check the timing by removing the distributor 
moulding and substituting a moulding which has been cut away so as to 
show the position of the rotor to the electrodes. 

The correct position for the rotor when the contact breaker just com- 
mences to open is shown in Fig. 3. 

The contact-breaker gap should be •Oioy'012 in. 

The distributor shaft should be a free sliding fit without perceptible 
play. The maximum permissible end float on the shaft is -003 in., and 
if in excess, check for W'car on the gear, the bracket, the fibre washer 
under the advance mechanism base plate, and also the gear thrust washer. 
The end float is very important, as it affects the quietness of the distri- 
butor and also the life of the rotor and cov^er electrodes. 

Renews any parts which may seem to he worn, and if this does not re- 
duce sufficiently the end float, check for wear on the top and bottom faces 
of the body. 

A simple remedy if wear has taken place on these faces is to insert shims 
of requisite thickness between the bracket and the bottom face of the body. 

Wiring Connectors 

To facilitate removal of various sections of the wiring harness, detach- 
able connectors of plug-and-socket type, consisting of brass sleeves sur- 
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Fig. 4. — LA^IP-ALIG:^'ME^”T (10 b.p.) 


rounded Ly rubber, are used. As it is rather difficult to insert the plugs 
on the end of the cables into the connectors, a special tool has been 
developed for this operation, namely, Britool Eas}’ Connector Pliers 
'^ 0 . 924, the use of which prevents any damage to the wires themselves. 

To Align and Focus the Headlamps 

On the Tvall or a board scribe a liorizontal line 36| in. from the ground, 
and then two vertical lines 26 in. apart (Fig. 4). The car must be placed 
facing this marking at a minimum distance of 25 ft. (7-5 ni.), with the 
headlamps straight in line vitli the vertical markings. To make an exact 
test the locality should be in absolute darkness, and when the headlamps 
are switched on the brightest beams of light should appear on the wall as 
two elliptical areas with the points where the lines cross as the centres. 
Equality of intenseiiess of the beams should he checked by covering up the 
headlamps in turn and comparing the effect. 

Line up the headlamps so that they are in the same plane. ^ Switch 
on the lights and adjust each headlamp so that tlie centre of its beam 
coincides with the point where the horizontal line crosses the correspond- 
ing vertical line. 

To make adjustments, release the spring clip at the bottom of the rim 
and remove the front of the lamp. The headlamp bulb can be fitted in 
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Fig. 5. — GeISTERAL view OE nearside OE motor, showing TOSITION OE dynamo and SrARTER 

ON 1938 Vatjxhalx 14 
{By courtesy of Shaw <& Kilhurn) 


tkree different positions for focusing purposes:, and the bulb should be 
inserted in the position which. gWes the most suitable result. 

Make certain that the bulbs are in good condition. Correct illumina- 
tion cannot be obtained with a blackened bulb. A dirty reflector will 
reduce the amoimt of light giTen by the lamps, and should be cleaned by 
wiping with a yery soft cloth or chamois leather. Do not use metal 
polishes. 

LIGHT SIX, 12-H.P. AND 14-H.P. CARS (MODELS D) 

To Adjust Dynamo Output 

The output of the dynamo is controlled by the relatiye position of the 
control brush to that of the main brushes. To alter the output,, slacken 
the hexagon-headed screw and apply a light pressure on the brush holder, 
tending to rotate it. This applies to models before Chassis ISTos. DX. 
655401 and BY. 5M001. 

CommenciQg with these chassis numbers, the control brush bolder is 
held hy friction only, so that a light push is sufihcient to make the neces- 
sary adjustments. 
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IHg. 6. — {right) Bexioyixg 
EXHA.HST FLAN&E AXD BE- 
LEASIXG EXHAUST PIPE TO 
PACILirATE REMOYAli OF 
STABTEB 

Kote , — Grraphite the 
threads of bolts to preuent- 
rusting up. [By courtesy of 
Shaw <£? KiTbimi) 

Moving the contiol 
hrusli lound in the sa,ine 
direction as the arma- 
ture rev^olves vuhen the 
engme is running in- 
creases the output, and 
moving it in the oppo- 
site direction reduces it. 
The adjustment is a 
sensitiTe one and , there- 
fore, a very small move- 
ment is sufficient to 
affect the output con- 
siderably. 

The correct setting 
when the dynamo is 
warm, and vith the 
lighting switch in the 
winter or ‘‘high ’’ posi- 
tion, is between 6 to 8 
amperes at 25m.p.h. in 
top gear. 

Distributor 

Reference to Tig. 10 
shows the relationship 
of the distributor to the 
camshaft and oil pump, 
and it will be noted that 
tapered grub-screws are 
employed for securing 
both the pump and dis- 
tributor to the crankcase . 

Fig. 1. {right). — Removal oe 

STARTER AETER BEMOYING 
STARTER SWITCH AND CABLE 

[By courtesy of Shaiv d? Kil- 
burn) 




A^IEING DIAGRAM, YAUXHAIi “LIGHT SIX,” 12 AND 14 H.P. — CHASSIS NOS. DX. 655400 AND DY. 514000 
Showing altemative headlamp -wiring layouts. 
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To replace and retime Distributor 

Remove the Rakelite cap from the distributor to be refitted and turn 
the rotor towards ls"o. 1 highdension lead, remembering that the lov'- 
tension terminal must face toward the right-hand side of the chassis. 

Hold the rotor in the determined position in relation to the distiihiitor 
body and note the position of the slot formed below the driving gear. 

This slot must hue up with the dogs formed at the top of the oil-pump 
spindle, since the latter is driven in taadem from the distributor gear. 

By looking down the bore of the boss on the side of the crankcase into 
which the distributor is to be fitted the top of the oil-pnmp spindle can be 
vnewed, and with the aid of a long, thin screwdriver the dogs can be turned 
to line iTp with the slot on the distributor gear. Allowance must he made 
for the angular movement imparted to the distributor spindle by meshing 
up the helical gear with that of the camshaft. 

Slide the distributor into the bore of the crankcase, as far as possible, 
holding the rotor opposite ISTo. 1 high-tension lead, and if the oil-pmnp 
dogs have engaged correctly with the slots of the distxihntor gear, the 
tapered groove in the bronze thrust ring, immediately above the gear, 
will be in line with the grub-screw hole in the crankcase. 

This can he checked by using a small mirror held at an angle to look 
up the grub-screw' hole, when the tapered groove should be clearly visible. 

In the event of the groove being out of line, it indicates that the oil- 
pump drive has not been correctly engaged, and the distributor must be 
withdrawn so that the pump spindle can be moved slightly to allow 
correct engagement. 

When this is achieved, hisert the grub-screw% taking care not to use 
force, and lock in position with the nut provided. Comiect the low-ten- 
sion lead to the terminal on the side of the distributor. 

Set the micrometer adjustment so that the line on the connecting rod 
is opposite the zero mark on the scale and move the distributor body as 
required until the points are just breaking, then tighten the clamp bolt. 
Replace the distributor cap. 

A neon tube should be emplo^^ed for fiiialW checking the timing as 
described in connection with the 10-Four. 

Distributor Cover and Rotor 

Cases are sometimes found where hiirning early in the life of a vehicle 
takes place on the leading side of the cover contacts, and this indicates 
lack of adjustment. Burning after heavy mileages is. of course, a matter 
of normal wear and merely calls for renewal of the cover. 

The simplest and most accurate method of discovering tlie cause in 
the former case is to make use of an old cover, the top of which has been 
cut awat^ with a hacksaAv so as to leave the cover electrodes in position 
but to expose the interior of the distributor. 

It is then an easy matter to check the difference in the gaps between 
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the rotor paint and the cover 
electrodes measured in a vertical 
direction and in a horizontal 
direction. The horizontal gap is 
much smaller than the vertical 
gap, in order to ensure that the 
spark jumps from the rotor to 
the end of the cover contact and 
not to the portion nearest the 
moulding. 

If the reverse is found to be 
the case, check the distributor 
shaft for end float, bearing in 
mind, of course, that the rotor is 
pushed home on its spindle. 

In this connection an im- 
portant point to watch is the 
setting of the contact-breaker 
points. It -will be appreciated 
that if the points are set too 
wide the spark will occur in an 
advanced position, and if this is 
the case the horizontal gap at 
that time may be greater than 
the vertical gap, which will result 
in burning of the moulding. 
The overlap between the rotor 
point and the cover contacts 
should be at least ^^^hen 

the spark occurs (or when the 
points begin to open). 

Examine the rotor jooint, andif 
it is found to be burned away on the 



10. — DlSTErBUTOIl ATTACmiliXT TO CRANK- 
CASE 

1. Oil-pump spindle. 2. Camshaft gear. 
3. Distributor gear. 4. Oil-pimip driving 
dogs. 5. Oil-pump location gn’ub-screw. 

Distributor- spindle location, grub-screw. 
7- Advance and retard collar clamp bolt. 


leading edge it must be changed. 

Side play in the rotor arm may cause burning of the cover contacts, 
and it is therefore advisable to make sure also that this is a good fit on the 
spindle . 

Another point of importance in connection with the cover is the con- 
dition of its central brush and spring ; if the brush is excessively worn or 
its spring is w'eak or broken, it must he renewed. 


Distributor Shaft 

The end float of the shaft should not be in excess of 'OLO in. The 
remedy is as described for the 10-li.p. shaft. 
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25-H.P. MODEL G 

Tlie output of the dynamo is controlled ly the tiiird brush, in tlie same 
way as described in connection with the Light Six model. RenioTal 
of dynamo j and disnmntlmg, and assembly are similar to the 10-h.p. ear, 

Pedomatic Starting Equipment 

Full depression of the clutch pedal operates an intermediate switch or 
pedomatic unit, w’hicli in turn actuates the solenoid smtch on the starter 
motor. The pedomatic switch incorporates a small clutch plate which is 
maintained in contact with a plunger by a small spring. The plunger is 
connected to a diapliragin which is under vacuum control from the inlet 
manifold. 

On depressing the clutch pedal, the pedomatic -switch clutch plate is 
rotated and contact is made, enabling current to flow and operate the 
starter solenoid switch. As soon as the engine fires, however, induction 
vacuum withdraws the diaphragm, and with it the plunger, thus hreating 
the contact and disengaging the switch mechanism during the time the 
engine is ruiming. 

To remove the pedomatic unit, disconnect the battery lead, and then 
the two electric cables from the switch. Unscrew the pipe union from the 
diaphragm unit. Release the w^ire from the operating arm. Remove 
the bolts attaching the switch unit to the support held to the hraie 
master cylinder. 

After releasing the suction unit from the body of the switch , by remov- 
ing the fixing nuts and washers, inspect the contacts and if necessary 
clean with fine emery cloth, taking care not to distort them. 

Examine the switch setting. With the rotor in the off position, the 
moving contact must rest lightly on the moulded rotor heel. In this 
position, the gap between the contacts must not be less than ‘030 in. 
Push the rotor into engagement and turn it to close the switch contacts. 
The angle through wliich the rotor moves before closing the switch con- 
tacts should be 5'^ to 10°. If necessary. Lend the switch contacts in order 
to obtain the above setting. 

Lubricate the switch niechanism by lightly smearing the heel and 
other moving parts with thin machine-oil. Reverse the operations given 
for removal. Whenever clutch-pedal adjustment is carried out, it is 
necessary to check or readjust the switch -control wire. This is attached 
to the lower end of the pedal, and it should be free from slack when the 
2 )edal is depressed in. 

The Cut-out Adjustment 

Testing for faulty cut-out is the same as already described for the 
10-h.p. When it is found that the cutting-in speed of the dynamo is too 
high, connect a suitable voltmeter between the terminals maiked D and E 
on the cut-out unit. Slowly accelerate the engine, and when the voltmeter 
reads approximately 14 volts the cut-out contacts should close. 

K.R.a. IV. — 12 
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If the points operate outside these limits, the gap must he reset. This 
adjustment is made by bending the stop plate, and to lower the operating 
voltage the air gap must be reduced and vice versa. As the adjustment 
is very sensitive, great care must be taken to alter the setting by only a 
small amount. 

Fuses 

It will be seen that there are five circuits, each protected by a fuse. 
The horizontally placed fuses are all 25 amperes, and grouped together 
below these fuse holders will be found spare 25-ampere fuses. 

The dynamo circuit is protected by the 6-ampere fuse placed vertically 
on the baseplate. Spare fuses for this circuit are chpped to the inside 
of the bakelite cover. 

Distributor 

To replace and retime distributor, follow instructions already given 
for the Light Six.” 

The distributor shaft end float should not exceed -010 in., and the same 
remarks apply as in the case of the 10-h.p. model. 

To Align and Focus the Headlamps 

Referring to Fig. 4, which applies to lamp alignment of the 10-h.p., 
the measurements for the 25-h.p. model are : horizontal line ^9 in. from 
the ground, and vertical lines 31 J in. apart. The car must be placed 
facing this marking at a minimum distance 25 ft. 

To make adjustments, release the spring clip at the bottom of the rim 
and remove the front of the lamp. Draw out the reflector and slacken the 
clamp at the back of the bulb holder. This enables the bulb holder to be 
moved forwards or backwards until the best possible beam is obtained. 

The electrical equipment on 12-Four Vauxhall Cars is similar to that 
on the 10-h.p. model described. The notes on the ‘‘ Light-Six,” 12-h.p. 
and 14-h.p. refer to model ‘‘ D.” 

The electrical equipment on the 14-li.p. J” model are dealt with in 
a later article. 



DELCO-REMY DYNMIOS AND 
CONTROL UNITS 

D ELCO-REMY dynamos aad the associated control equipment, such 
as cut-outs and regulators, are met with on cars of American origin. 

THIRD-BRUSH DYNAMOS 

We shall deal first with the third-brush types of dynamo, w'Meh may 
be divided into two general classes : 

(a) Output regulated hj third brush. 

(6) Output regulated by third brush and an external voltage regulator. 
The third-brush method of regulating tbe current output is used 
because of its simplicity of operation and adjust meiit. It meets the 
average driving requirements as it produces the maximum generator 
output at normal driv^ing speeds. When the generator is cold, the output 
will he somewhat higher than after it becomes w'arm. Also, at speeds 
beyond the maximum -output range, the output will be reduced or will 
taper off, due to the normal action of the third brush. 

Types of Field-circuit Control 

The third-brush dynamos used may be classified according to the 
manner in which the field circuit is controlled, as follow's : 

[No. 1. Field circuit earthed directly to dynamo frame. (Xo control 
except third “brush regulation.) 

]^o- 2. Step-voltage control. ' (Automatically controlled field re- 
sistance. ) 

No. 3. Lamp-load 
control. 

No. 4. Vibrating 
voltage regulator, 

(Automatically con- 
trolled field resist- 
ance.) 

No. 5. Manually 
controlled field resist- 
ance. 

No. 6. Divided field 
circuit. 

No. 7. Thermostat 
controlled field resist- 
ance. 



Tig. 1 . — Third-brush reouxated dyaxaiio ovxv 

There is no control except third-brush regulation. The 
held circuit is earthed or g:rounded direetly to generator 
irame. 
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THIRD-BRUSH REGULATION ONLY 
Adjusting Output of Dynamo 

Witt dynamos having only third-brush, regulation, the field circuit is 
connected directly to the frame of the dynamo, and it is necessary to 
shift the third brush to vary the output in accordance with driving 
requirements and the condition of charge of the battery. With this type 
of regulation there is a tendency for the charging rate to increase as the 
battery becomes fully charged. This is caused by the rise in the terminal 
voltage of the battery as it becomes fully charged. Any rise in battery 
voltage causes an increase in generator voltage, thus increasing the 
current in the field coils- When the field-coil current is increased, the 
output of the generator is increased by a proportionate amount. 

STEP-VOLTAGE CONTROL 

The third-brush type of generator without some means of automatic 
voltage control has a tendency to further increase its maximum output 
as the battery approaches a fully charged condition. This condition 
may result in an overcharged battery and high voltage within the 
electrical system. 

Operation of Step-voltage Control 

The purpose of the step-voltage control unit is to increase or decrease 
the generator output in accordance with the requirements of the battery 
and the connected electrical load. When the battery becomes properly 
charged, a set of control points in the control unit opens and shunts the 
generator field circuit through a resistance unit to earth. With the 
resistance unit in the field circuit, the generator maximum output is 
reduced to a safe value. The generator will con- 
tinue to charge at the lower rate as long as the 
battery is fully charged and the electrical load 
is small. If the battery should become partially 
discharged, the contact points in the control unit 
close, removing the resistance from the field circuit, 
and the generator output increases to its maximum, 
depending upon the setting of the third brush. 

When a sufficient electrical load is connected, 
such as lights, radio, heater, etc., to require a 
higher generator output, the voltage -control con- 
tact points will be closed and the generator will 
produce its maximum output, depending upon the 
position of the third brush, and carry the added 
load without drawing current from the battery. 
The voltage -control unit does not increase the 
maximum output of the generator, as this is 



Fig. 2. — CvN-AMO with 

STEP VOLTAGE CO^TT 01 
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ARMATURE 


Ammn spring 

SPRING POST 
POINT OPENING 
CONTACT POINTS 

SUPPORT ARM 
CUT-OUT REIAY 


-RESISTANCE UNIT 

-UPPER ARMATURE STOP 
- CONTACT SPRING 
CONTACT SPRING POST 

-ARMATURE 

■ LOWER 
ARMATURE STOP 

POINT OPENING 
AIR GAP 



VOLTAGE CONTROL UNIT 
SPRING HANGER 


Fi ( j . 3. — Step toltage conteol unit 

dependent entireh^ upon the design of the generator and tlie third 
brush. Where driving is confined to daytime operation and there is no 
connected load (except ignition) the generator oiitj^ut may be too high. 
The output should then be reduced by adjusting the third brush to meet 
driving requirements. The voltage- control unit will then reduce the 
output to a safe value when the battery heeonies fully charged. 

The step-voltage control, mounted either on the engine side of the 
dash or on the generator, operates to decrease the maximum generator 
output when the battery reaches a fully charged condition. 

Procedure for Checking Step-voltage Control Unit 

Tor typical specifications of step-voltage units, see. table later. 

Check the voltage at which the contact points of the cut-out relay 
close and the reverse current opening v'itli the ammeter and voltmeter 
connected as illustrated in Fig. 4. Increase and decrease engine speed 
sloAvly in order to obtain accurate meter readings at the instant the 
points open and close. 

If the relay does not perform according to s])ecitic*ations. adjust 
according to the methods described under Adjustments of Cut-out Eelay. 

Connect the ammeter and voltmeter according to Fig. 5 to cdieek the 
output of the generator. To secure the niaximum output oft lie generator, 
it is necessary temporarily to earth the generator field. This is accom- 
plished by diseonnectLng the lead from the F ’’ terminal of the regulator 
and touching it to the base of the unit. Earthing the generator field 
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Fig. 4. — Checking step yoltage control, unit 

Shomng ammeter connections for checking the reverse current of the cut- 

out. V^oltmeter connections are for checking the cut-out closing voltage. 

j)reyeiits the control unit from operating and influencing the generator 
output. It must be home in mind that the generator output is auto- 
matically reduced when the voltage-control unit is operating. 

To check the opening and closing voltage of the voltage-control unit, 
use the same ammeter and voltmeter connections as in Fig. 5. (Control - 
unit cover must be in place when checking opening and closing voltages. ) 
Gradually increase engine speed and note the voltage at which the 
contact points of the voltage-control unit open and close. When the 
points open the output is reduced, and when they close the output 
increases. 

If the battery is in a low state of charge, the voltage will not be 
suflicient to cause the control unit to operate, and the contact points 
will normally be held closed. To secure the voltage necessary to operate 
the control unit, throw the resistance switch (if fitted to the tester) to the 
in position. Then slowly increase the resistance until the points close. 
This is the closing voltage of the voltage-control unit. Slowly decrease 
the resistance until the points open. This is the opening voltage. 

If a tester is not available, it may be necessary to insert a small 
variable resistance (approximately -25 ohm maximum) into the charging 
circuit at the Bat ” terminal, between the control unit and the battery. 




DELCO-REMY DYYAMOR AND CONTROL UNITS [tol. it.] 1S3 



Mg, 5. — Checking output ake step voltage control ■unit 

Showing ammeter and voltmeter connections for checking and adjusting the dynamo 
output. Use the same connections in eliecking the opening and closing voltages of the 
step control unit. 

The lowest possible resistance to obtain tbe proper voltage should be 
used to prevent the contact points vibrating. 

Conditions Affecting Yoltage-control Performance 

( 1 ) A lotv generator output with a fully charged battery indicates that 
the generator and v'oltage-control unit are functioning according to 
specifications. 

(2) A low output with a partially discharged battery indicates that 
the generator and regulator are not functioning properly. 

(3) If trouble appears to be in the generator or the voltage-control 
unit, the terminal marked ‘‘ F ” may be temporarily earthed to determine 
if the generator or the control unit is at fault. If the generator charges 
at its specified rate with the ‘‘ F terminal grounded, the control unit is 
probably at fault and should be removed for checking. When the F 
terminal is earthed and the generator does not perform according to 
specifications, it indicates that the generator is at fault. Check for iiigh 
generator voltage. 

(4) A loose connection or high resistance in the charging circuit 
between the control unit and the battery will cause the voltage-control 
points to operate at times and reduce the generator output even though 
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the ba,ttery may not be fully ciarged. A high resistance or loose con- 
nection will sometimes cause the points to vibrate. 

(5) In cases where the generator charging rate is too high or too low 
for the driving require ments, check the opening and closing voltages of 
the voltage-control unit. If the control unit checks according to test 
specifications, adjust the third brush of the generator in the proper 
direction to increase or decrease the output. (Refer to specifications.) 
The voltage settings must be maintained within the specifications for 
the particular unit. 

Cleaning Contact Points 

Contact points should he cleaned with a thin, fine-cut contact file. 
The contact file should not be used to file other metals. The contact 
points can be cleaned without disturbing the regulator setting, if care is 
taken to avoid bending the contact spring excessively. 

Cdution . — Do not use file excessively on contact points. Never use 
sandpaper or emery cloth to clean contact points. 

Adjustments — Yoltage-control Unit (Pig. 3) 

The spring tension, measured at the contacts with the armature up, 
should be approximately | oz. at the instant the points separate. Adjust 
the spring tension by tending the contact spring. 

Air Gap 

Hold the armature down against the lower armature stop and set the 
air gap between the centre of the core and armature by bending the 
lower armature stop. 

Armature Travel 

Release the armature and gauge the travel between the armature and 
the lower armature stop. This amount of travel is obtained by bending 
the upper armature stop backward or forward. 

Point Opening 

With the armature held down against the lower armature stop, 
measure the contact-point opening. The point opening may be adjusted 
by bending the contact-spring post. 

Voltage Setting 

Check the opening and closing voltage of the control unit as previously 
described (refer to Fig. 5). Run the generator until the control unit 
becomes warm. Retard the engine or generator speed until the cut-out 
relay contact points open, then increase speed until contact points close 
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before oheckiiig vol- 
tage readings. Do 
not overiun the 
opening and closing 
voltages, as the vol- 
tage readings must 
be taken at the 
instant the points 
open and close. 
Voltage readings 
must he taken vith 
the control-unit 
cover in place to 
obtain true values. 



Fig, G- — LA^rp load coxtroi. 


The opening Showing generator field resistance controlled at ligliting 
voltage can be in- switch, 
creased by increas- 
ing the spring tension of the spiral spring. This adjustment is made by 
bending the banger to which the lower end of the spiral sprmg is 
attached. Decreasing the spring tension lowers the opening voltage. 

The closing voltage is increased by increasing the air gap between the 
armature and core or decreased by decreasing the air gap. It is onl}" 
necessary to bend the lower armature stop slightly w’hen adjusting the 
closing voltage. 

{Note , — After this adjustment, it may be necessary to readjust 
contact-spring post to maintain the correct contact-point opeaing.) 


LAMP-LOAD CONTROL 

Lighting Switch- controlled Field-resistance Type 

With the type of lamp-load control generator, a resistance (mounted 
on the back of the ligliting switch) is in series with the generator lield 
circuit, when the lighting switch is in the off piosition, against the dash. 
V\hth the resistance in the field circuit, the generator output is reduced. 
When the lights are turned on for night driving, or when the radio is being 
used, the resistance is cut out of the generator field circuit by a direct 
earth at the switch. Consequently a higher generator output is then 
available. The higher output for daytime driving can also be obtained 
oil some cars by pulling the light switch to the first position, without turn- 
ino* the liofbts on, to cut the resistance out of the circuit. 

o o 

Changing Output of Dynamo 

The current output is adjusted by sliifting the third brush. In order 
to obtain the maximum specified output of the dynamo, the resistance 
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unit should be cut out of the field circuit. This can be quickly accom- 
plished by earthing the field terminal on the generator frame (designated 
F in Fig. 6). A 1-ohm resistance unit is standard on these switches. 
However, other units are available for various types of driving conditions 
in f-, and L|-ohm sizes. The 1-ohm resistance is suitable for average 
driving, which consists of day and night driving as well as high-speed and 
low-speed driving. An excessive amount of any one particular type of 
operation will warrant changing to another size resistance. Without 
disturbing the third-brush setting, the generator output for day driving 
can be increased hy decreasing the size of the resistance unit ; likewise, the 
output can be decreased by increasing the size of the resistance unit. 
Where trouble is experienced with discharged batteries, due to excessive 
night driving, a -J- or |-ohm resistance shonld be used. If daytime 
operation results in an overcharged battery condition, the IJ-ohm unit 
will reduce the charging rate. In some cases of overcharged batteries, 
it may be advisable to shift the third brush to reduce the output in 
addition to using a larger resistance unit. 

Faulty Resistance 

If the generator does not charge when the lights are off but charges 
when the lights are on, it indicates that the resistance unit is open- 
circuited, and it should be replaced. 

YIBRATING VOLTAGE REGULATOR 

Dynamos used with this type of regulator have the third brush in a 
fixed or adjustable position. The operation of this regulator is similar to 
the step-voltage control unit except that the contact points in the 
regulator vibrate many times per second and regulate the output auto- 
matically in accordance with the state of charge of the battery and the 
connected electrical load. This type of regulator will not increase the 
outpnt of a generator, as this is dependent upon the original design of the 
generator and the location of the third brush. It will, however, control 
the output of the generator hy automatically decreasing the charging 
rate to a low safe value when the battery approaches a fully charged 
condition. When the lights or other electrical loads are turned on, the 
charging rate will increase to take care of the load, up to the maximum 
rated output of the generator, if necessary. 

Operation 

The Delco-Remy vibrating voltage regulators consist of a conventional 
cut-out relay and a vibrating voltage-regulator unit. Fig. 7 illustrates 
the connections of an KxN ” terminal type. In a no-'' IGN ’’-terminal- 
type regulator, the regulator voltage winding is connected to the cut-out 
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frame instead of to an IGN ” terminal. Some units, as in Fig. 7, have 
an auxiliary temiinal marked G-RD ” and an auxiliary set of contact 
points on the cut-out armature through which the starting motor solenoid 
relay completes its circuit. A generator charging indicator light, used 
ill place of a dash ammeter, may also he connected to this set of contacts, 
in which case they will be insulated from the armature. These points 
are not part of the charging circuit. 

The voltage-regulator unit consists of two cores which, with their 
windings, form an electro-magnet. One core is wound with numerous 
turns of fine wire and is connected to the " off '' side of the ignition switch, 
as illustrated in Fig. 7. As the battery voltage increases to a predeter- 
mined value, the magnetic pull on the regulator armature increases until 
the armature is attracted towards the core, against a restraining spring 
tension. A pair of contacts in series with the generator field are opened, 
and a resistance shunting these contacts is inserted in the field circuit. 
This resistance is sufficient to reduce the generator voltage below that 
necessary to open the contacts, and the}^ immediately close, eliminating 
the resistance, thus increasing the voltage of the generator. This cycle 
occurs many times per second, resulting in a battery voltage that is held 
practically constant. 

The second core is wound with a few turns of larger wire in series with 
the generator field, and aids the main winding of the regulator unit. 
When the contacts break, the current in this circuit is instantly reduced, 
and likewise the magnetic pull on the armature, thus allowing quicker 
closing of the contacts and more rapid vibration of the armature. 

The regulators are over- compensated for temperature so that they 
have a lower voltage when hot. This compensation for temperature is 
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necessary, as a cold battery requires a higher charging voltage than one 
that is warm, consequently it is necessary to vary the charging voltage in 
accordance with battery requirements. 

The compensation is accomplished hy the use of a hi-nietal hinge on 
the regulator armature. It is not necessary to change the voltage setting 
for printer and summer driving. 

Installation Caution 

Check the mounting of the regulator unit to determine if a good 
earth connection is being obtained. Regulators are designed for use with 
negative and positive earthed batteries. A regulator designed for use 
with a positive earth must be used with a battery having the positive 
terminal earthed, and a regulator for negative earth must be used with a 
negative-earthed battery. 

If the polarity of the generator is reversed, the cut-out relay contact 
points will vibrate and burn. To avoid the possibility of reversing the 
generator polarity, the regulator should be mounted on the dash before 
connecting the leads to the regulator. In connectmg the leads, the P ” 
terminal connection at the regulator should be made last. To eliminate 
any doubt as to the polarity of the generator, momentarily connect a lead 
from the GEN to the “ BAT ” terminals of the regulator after all the 
connections have been made and before the engine is started. This will 
automatically give the generator the correct polarity. 

Rough Check to Determine Location of Trouble 

If the generator and regulator do not operate satisfactorily, the 
following conditions should be checked before making any adjustment to 
the regulator : 

(а) Be sure that the base of the regulator is properly earthed. 

(б) Earth the regulator terminal marked T ’’while engine is running 
at approximately the maximum generator output. If the generator 
charges satisfactorily with the '' F ” terminal earthed, the trouble is in 
the regulator, and it should be replaced or adjusted. 

(c) If the generator does not charge with the F ” terminal earthed, 
remove the lead from the GEN ” terminal of the regulator and strike 
it against an earth such as the motor block. If no spark occurs, the trouble 
should he looked for in the generator. If a spark occurs , the regulator is 
probably at fault. 

(d) A high charging rate may be caused by a shorted battery. 

(e) A low’’ charging rate may be caused by a loose connection in the 
charging circuit, sulphated battery plates, or other high resistances. 

(/) With no connected electrical load except ignition and dash instru- 
ments, a low generator output wuth a fully charged battery indicates that 
the regulator is functioning properly. 
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The regulators are adjusted at the factory and. under ordinary cir- 
cumstances, will not need anjr attention in serTice. 

Do TLot set regulator voltage above ynaximiim specified value, 

PROCEDURE FOR CHECKING VIBRATING VOLTAGE REGULATOR 
Cut-out Relay 

With the voltmeter connected as illustrated in Fig. S, gradually 
increase the engine speed and note the voltage at which the cut-out relay 
contact points close. With the ammeter connected as in Fig. 8, gradu- 
ally decrease engine speed and note the reverse current necessary to open 
the points. If necessary, adjust according to instructions under Adjust- 
ments of Cut-out Relay. 

Generator Output 

To check the output of the generator, connect the ammeter and 
voltmeter to the regulator (Fig. 8). It is necessary to earth, the ‘"F ’’ 
terminal temporarily w^hile making this check to obtain the maximum 
output of the generator. A convenient method of earthing the F ’’ 
terminal is by touching a screwdriver to the F ’’ terminal and the base 
of the regulator. The generator voltage should be noted when checking 
the output, as a low voltage will prevent the generator from producing 
its rated output. To secure the correct voltage, include |-ohni variable 
resistance in the charging circuit and cut in the resistance until the 
correct voltage is obtained. If the generator does not build up to its 
specified value, the generator is probably at fault and should be removed 
and checked or the third brush adjusted. 

Voltage-regulator Unit 

To check the voltage at Avhieli the regulator is operating, disconnect 
the IGN lead from the regulator and place a jumper lead from the 
IGN ” to the “ AVDI ” or “ RAF terminals and connect the ammeter 
and voltmeter leads to the regulator, as illustrated in Fig. 9. Gradually 
increase the engine speed until it is operating at a speed at which it 
would ordinarily produce maximum output. If less than S amps, is 
obtained, turn on the lights. Cut in the resistance until the output is 
reduced to 8-10 amps. After the regulator has reached its proper 
temperature (150° F., or very hot to the hand) , retard the speed of the 
generator until the cut-out relay contact points open. Then increase to 
the original speed and with a generator output of S-10 amperes cheek 
the voltage at which the voltage-regulator unit is operating (regulator 
cover must be in place). Refer to Adjustments for method of adjusting 
the voltage setting. 

Note . — To maintain the S-19 ampere output while making this 
check, it is recommended that a variable resistance of approximately 
•fl5ohm, with sufficient current-carrying capacity, be used in the charging 
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circuit, (in series at the AMM ’’ or BATT ’’ termmal of the regulator). 
Fig. 9 shows the method of inserting this resistance in the circuit when 
an AVR Electro -check is used. 

Another method of checking the regulator voltage using a voltmeter 
and a fixed resistance is to disconnect the BAT (‘'AMM ”) lead from, 
the regulator. Connect a fixed resistance unit, of | ohm for 6 -volt units 
and 1^ ohm for l2--volt units, between “ BAT’’ terminal of regulator 
and earth. Connect voltmeter from “ BAT” terminal to earth. Where 
the unit under test is an “ IG-N ” terminal-type regulator, disconnect 
“IGjST” lead and place jumper from “IGN” to “BATT” terminals. 
Operate the dynamo at a speed at which it would ordinarily produce 
maximum output until the regulator reaches operating temperature. 
Then note the voltage at which the unit is operating. 

Performance of Vibrating Voltage Regulator 

(a) Excessive sparking and erratic operation of the voltage-regulator 
contact points may be due to low tension on. the upper contact spring or 
misalignment of contacts. Such excessive sparking may, in time, oxidise 
the contact points sufficiently to cause high resistance and prevent the 
generator from charging. 

Clean the contacts with a thin, fine-cut contact file to obviate this 
condition. 



ViCJ. 8. VoiriyCETEIi conjs^ections tor. checklng ctjt-out closii^g voxtage and 

AMaiETGER CONNECTIONS POR CHECKING REVERSE CTIRBENT OTENINa OP CUT-OTPr RELAV 
GONTTACT ROrNTS 
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Fi(j, 9. — Checking vibrating begulator operatiyg voltage 

Voltmeter and ammeter connections with variable resistance in chargiag cireuit for 
checking regulator operating voltage. 

(6) The installation of radio bj^-pass condensers on the jield terminal 
of the regulator or generator trill cause the regulator contact xioints to 
oxidise. Oxidised points cause a high resistance, and may result in a low 
charging rate and a discharged battery. Do f’lot connect radio by-jjass 
coiide-nsers to the field terminal oj the regulator or generator. If a condenser 
has been installed on the field terminal, clean regulator contacts with a 
small file, 

(c) Oxidised Ooiitact Points. — -There are two eonvenient methods for 
detecting oxidised contact points on the voltage-regulator units without 
removing the regulator cover. First, if the unit is being checked on the 
car, disconnect the lead from the IGN ” terminal on the regulator and 
connect the ammeter test leads to the unit , as illustrated in Fig. 9. Run 
the engine at a slow speed until 4 or 5 amperes output is being obtained, 
then earth the F ” teTminal of the regulator and note the difference in 
the ammeter reading. (Generator speed must be held constant.) If the 
ammeter reads 2 or more amperes higher with the " F '' terminal earthed 
at the regulator, it indicates an excessive amount of oxide on the voltage- 
regulator contact points. The oxide on the points insets an additional 
resistance in the generator field circuit , resulting in a lower generat or output . 

[Note . — Disregard the initial surge of the ammeter needle and wait 
until it remains steady. ) 




m [VOL. IV.] ELECTRICAL AND ACCESSORY EQUIPMENT 

Second, if the regulator is removed for a bench-test check, oxidised 
contact points may be detected by noting the speed at which the contact 
points on the cut-out relay close with and without the ’’ terminal 
earthed. 

[Note . — ^The generator commutator should he sanded before making 
this check.) 

If the cut-out relay contact points close at a lower speed with the 
‘‘ F ’’ terminal earthed, it indicates oxidised points on the voltage- 
regulator unit. For example, if the points close at 600 r.p.m. without the 
“ F terminal earthed, and by earthing this terminal they close at a 
speed of 500 r.p.m. or lower, it indicates an excessive amount of oxide on 
the regulator points. The points will normally close at a slightly lower 
speed with the F ” terminal earthed. If, however, they close at a 
difference in speed of 100 r.p.m. or more with this terminal earthed, the 
points should he cleaned. The presence of oxide on the contact points 
will make it necessary for the generator to he driven at a greater speed to 
build up sufficient voltage to close the cut-out relay points. 

Cleaning Contact Points 

Contact files should not he allowed to become greasy and should not 
be used on other metals. 

Contact points can be cleaned without disturbing the regulator setting. 

Do not use the file excessively on the small contact material ; this is 
only a few thousandths of an inch thick. 

Never use sandpaper or emery-cloth to clean contacts. 

ADJUSTING VIBRATING VOLTAGE REGULATOR 

Air Gap 

With the fibre bumper harely touching the contact-spring post, check 
the air gap between armature and core centre. Adjust the air gap by 
bending the contact-spring post. 

If it is impossible to secure the proper cold and hot regulator voltages, 
the air gap may be decreased to loAver the cold setting with respect to the 
hot setting or increased to increase the cold setting with respect to the 
hot setting. 

Point Opening 

With the armature held down against the low^er armature stop, 
measure the contact-point opening. Yary the point opening hy adjusting 
the lower armature stop. 

Gap between Fibre Bumper and Contact-spring Post 

When the armature is up, check the gap between the fibre bumper and 
its stop. Adjust the upper armature stop to obtain the correct gap. 



Contact-point Spring Tension 

Contacts should Ibe adjusted to meet squarel^r and with a Tuininnim 
pressure of oz. (Check pressure at the instant the points separate, 
using a spring scale of the type for checking distributor lever arm tension.) 
Adjust pressure by slightly bending the contact spring carrying the upper 
contact. 

Regulator Voltage 

Check the regulator operating voltage as previously described (refer 
to Fig. 9) with the regulator at the proper temperature. The voltage is 
regulated by slightly bending the spring hanger to which the lower end 
of the spiral spring is attached. Increasing the spring tension increases 
the voltage, and decreasing the tension decreases the voltage setting. 
If, when adjusting the regulator to the proper voltage, it is found that the 
spiral spring does not have enough tension to hold it in place, reduce the 
tension of the upper contact spring — but not less than the low limit 
specified. When checked on a bench test, the regulator should be in the 
same position as on the ear (i.e. horizontal or vertical), and the base must 
be earthed. 

Do not run generator or set voltage on open circuit. This will cause 
dafnage to the regulator. 

OTHER TYPES OF CONTROL WITH THIRD BRUSH DYNAMOS 

The type of control for an adjustable third brush dynamo using a 
thermostat controlled field resistance is described on page S. This type 

M.R.O. IV. 13 
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Fig. 11. — Divided field circuit lamp xoad dynamo 


of unit, in addition 
to the third brush, 
employs a thermo- 
stat, mounted in- 
side the dynamo, 
which, opens its 
points as the 
dynamo Ibecomes 
hot (165° or 200° 
F., depending on 
the type of thermo- 
stat used), and in- 
serts resistance into 
the generator field 
circuit, reducing the 
generator out- 
put. 

The use of manu- 
ally controlled field 
resistance is referred 
to on page 10. 


Adjustable Third Brush with Divided Field Circuit 

On this type of application the dynamo has two sets of field coils. 
With no hghts turned on, only one set is used. When the lights are turned 
on, the current to the lights floAvs through the auxiliary coils, increasing 
the dynamo field strength and thus the dynamo output. Some applica- 
tions of this type 
use two cut-outs, as 
illustrated in Fig. 12. 
Tavo readings are 
necessary in check- 
ing the divided field 
generator, the out- 
put at the ‘‘A” 
terminal, and the 
lamp load at the 
'‘L ” terminal. The 
output at the A ” 
terminal is adjusted 
to the correct value 
hy the third brush 
ad 3 ust men t . The 

Fig . 12.- -Divided field circuit dynamo wired with two Lmp load connected 
CUT-OUTS to the ‘ ‘ L ” terniiiial 
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does not register on 
the dash ammeter and 
must ncTer exceed the 
maximum specified. 

Split Field Type 

This t }^e of dynamo 
has a third brush field 
and a shunt field con- 
nected together at the 
field terminal (Fig. 13). 

The output curye 
dexeloped by the 
combined ^findings re- 
presents a composite of 
the performance euxres 
of the indiyidual fields. 

Vibrating voltage regulation is usedyfitli this type of generator to regulate 
the output to the correct value as required hy the connected electrical load 
and condition of charge of the battery. 

TWO-BRUSH DYNAMOS 

The above details deal with forms of output control or regulation 
applied to third-brnsli dynamos. We will now consider the methods 
used for controlling the field current of a sluint wound , two-brush dxmaino. 
by means of (cr) current regulator, and (6) current and voltage regulator. 

The shunt wound dynamo does not have a third brush, the field circuit 
being connected across the two main brushes through the regulator unit. 
This type of dynamo reaches its maximum output at a lower speed and 
maintains a constant output throughout the higher speed ranges witliout 
the “taper-off” characteristic of third-brush dynamos. External 
current regulation is recpured with this type of dAuiamo. 


l,eA& FOOM 



Filj . i:3 . — Split field type of dylvamd 


VIBRATING CURRENT REGULATOR 

The current regulator (see Fig. 15) consists of a current regulator unit 
and a cut-out relay mounted on the dynamo or the engine side of the 
dash. 


Fi (/. 14.— Wirin' G 

DIAGRAM OF A 
C PURE NT REGI'- 
LATOR 
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AfiMATURE 
ARMATURE STOP 

ARMATURE SPRINfi 

SPRING POST 
POINT OPENING 
CONTACT POINTS 
CUT-OUT RELAY- 


RESISTANCE UNIT 

CONTACT SPRING 

UPPER ARMATURE STOP 
FIBRE BUMPER 
— CONTACT 
SPRING POST 

POINT OPENING 
LOWER 

ARMATURE STOP 
AIR GAP 
THERMOSTAT 



CURRENT REGULATOR 
SPRING HANGER 


Fig. 16. CUREENT EBOtrLATOE 

Tie current regulator limits the generator output to a specified Talue 
which is governed by the setting of the regulator. The contact points are 
normally held in a close position, due to the tension on the armature hy 
the armature spring. When the magnetic pull on the armature over- 
comes the spring tension, the contact points open and insert a high resist- 
ance in the shunt field circuit of the generator. This resistance in the 
field circuit reduces the generator output so that the spring tension loses 
the contacts and the output again increases. The armature vibrates 
many times per second, resulting in a practically constant generator 
output at all speeds, provided the generator is being driven at a speed 
fast enough to enable it to reach its maximum output. The maximum 
output of the generator depends upon the setting of the current regulator. 

When the lights are turned on, the generator output is automatically 
increased hy 50 per cent, of the additional load. If the light load is 
increased beyond laminations or a short circuit occurs, the bi-metal 
thermostat points open and vibrate, causing the lights to flicker. When 
this occurs, the light load should be reduced or the short circuit condition 
eliminated. The thermostat points open with 20 amps, flowing and 
v^hen the surrounding temperature is 210° F. 

Some of the current regulators are compensated fox temperature, which 
means that the current output of the generator will decrease below the 
normal setting as the operating temperature becomes abnormally high. 



I>ELCO-REMY DYIN'AMOS AND CONTROL DNITS [vol. iv.] 197 


Fig. 16 . — Current regula- 
tor 

Showing voltmeter and 
ammeter connections for 
cheeking the cat-out closing 
voltage and the reverse cur- 
rent necessary to open the 
cut-out contact points. Use 
these connections for cheek- 
ing generator output. 
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JFig. 18. — AMMErER connections ro current ebgulator fob checicing 

1A3VIP LOAD 

Like\Yise, the output will increase when the temperature of operation 
becomes abiiormallf low. 

Checicing Current Regulator 

( 1 ) With the ammeter and voltmeter connected as in Fig. 16, check 
the voltage at which the cut-out relay contact points close and the 
reverse current at which they open. Grradually increase and decrease 
engine speed when making checks to obtain accurate meter readings. 

(2) Use the same meter connections as in Fig. 16, to check the genera- 
tor output. Check the output with the lights on and off. When the 
lights are on the output is automatically increased, and with the lights off 
it is decreased. 

The generator v^oltage should be noted when checking the output. 
Connect a voltmeter to the regulator as shown in Fig. 17. If the dynamo 
voltage is too high or too low, remove and check on a test bench. Low 
generator voltage will prevent the output from reaching its maximuni 
and high voltage may result in damage to the generator or regulator. 

(3) It is important, with this type of regulator, never to exceed the 
total allowable lamp load. To check the lamp load, connect the ammeter 
as shown in Fig. 18 and turn the lights on. If the ammeter reading 
exceeds specifications, reduce the lamp load. 
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Adjustments 

Contact points 
should be cleaned 
as described pre- 
Tioiisly. 

Air gap, j3oint 
opening and fibre 
bnniper gap adjust- 
ments are as de- 
scribed on page 192 
for the vibrating 
voltage regulator. 

Spring tension, 
measured at the 
contacts, slioxdd be 
approx. 25 ounces 
and may be ad- 
justed bv slightly 
bending the contact 
spring. 

Adjust cnrrent output by slightly bending the spring hinges to which 
the lower end of the spiral spring is attached. Increasing the spring 
tension increases the current output. Decreasing the tension decreases 
the output. The current regulator unit operates only at the value for 
which it has been set, 

THE CURRENT AND VOLTAGE REGULATOR 

When these two units are used together in a Delco-Remy system, they 
are mounted, with a cut-out relay, on a single base and are enclosed by a 
single cover. Either the cnrrent regulator unit or the voltage regulator 
unit Avill operate at any one time, never both at the same time. 

AVhen the requirements of the connected electrical load are large and 
the battery is low, the current regulator unit operates to prevent the out- 
put from exceeding the rated output of the generator and the voltage 
regulator unit is inoperative. If the requirements of the connected elec- 
trical load are reduced and the battery comes up to charge, the voltage 
regulator unit operates to prevent high voltage at the battery and in the 
circuit, and the increasing resistance of the battery as it becomes charged 
tapers dowm the generator output. The output is thus reduced, by the 
action of the vibrating voltage regulator unit, to wluat is required by the 
connected electrical load plus a small sustaining charge of a few amperes 
to the battery. 

Voltage Regulator 

The construction of the voltage regulator unit is similar to the current 
regulator except that one of the cores is wound with a large number of 
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; DIAGRAM OF ASHO’D DYXAMO WITH CFERENT 
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turns of small v^ire connected between earth and petrol gauge terminal 
(see gas gauge terminal, Fig. 19) on the ignition coil or tie ‘"ofif ’’ side 
of the ignition switch. The current in this winding varies with the 
battery voltage . Whenever the battery voltage reaches a pre-determined 
value, the magnetic pull on the armature overcomes the spring tension and 
the contact points open, inserting a resistance into the field circuit of the 
generator. As soon as the contacts open, the voltage immediately drops 
and the points close. This cycle occurs many times a second, resulting in 
a generator voltage that is held practically constant. 

The voltage coil of the regulator is connected at the off ” side of the 
ignition switch or the petrol gauge terminal on the ignition coil, which is 
practically at battery voltage. Therefore, the regulator regulates for 
^ battery voltage, thus eliminating the effect, due to line drop between the 
generator and battery, with varying amounts of current flowing. 

There are a few turns of heavy wire around the other core of the 
voltage regulator unit, in series with the generator field circuit and aiding 
the main winding of the regulator unit. When the voltage regulator 
contacts open, the current in this aiding 
coil is immediately reduced to zero, thus 
enabling the contacts to quickly close and, 
in this "way, to increase the speed of 
vibration of the contact points. 

Resistance Units 

Recent dynamos with increased outputs 
have made it desirable to use different 

resistance values across the current Fig. 21. Two hejsistan'ce units 

regulator and voltage regulator than connected field ciecuit 




DELCO-REMY DYYAMOS AND CONTROL UNITS [vol. iv.] 201 


Fig, 22, — Checking cut-ouit 

RELAY" ON' CURRENT AND VOL- 
TAGE REGULATOR 

Showing voltmeter connec- 
tions for testing cut-out closing 
voltage. Ammeter-connections 
for checking leverse current 
opening of cut-out. 






connect to a. 
convenient CROUND 



“5AT” TERMINAL 



Fig. '23. — CuECKiN<; voltage recji'lator 
Voltmeter and ammeter connections vith variable resistance in charging circuit. 
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J'ig, 24 . — Ammeter co2s"nbotions for checkin'g current setting op 

THE CURRBJTT REGULATOR 


were formerly used. The later type regulators have two resistance 
■units of different values connected in the generator field circuit, as 
shown in Fig. 21. This arrangement permits the use of a lower 
value resistance with the current regulator operating than is necessary 
with the voltage regulator. When the current regulator contacts open, 
the t-^vo resistance units in parallel -will reduce the generator output to the 
current regulator setting. When the voltage regulator contacts open, 
only the high value resistance is inserted in the field circuit, which reduces 
the charging rate to a minimum with a fully charged battery and no con- 
nected load. This resistance is of sufficient value to prevent the generator 
voltage from ‘‘ creeping ’’ or increasing due to continued high speed opera- 
tion with a fully charged battery. The above arrangement reduces 
sparhing and oxidising of the current regulator contacts and permits 
satisfactory^ voltage regulation of higher output generators. 

Rough Check to Determine Location of Trouble 

If the generator and regulator do not operate satisfactorily, check in 
the same way as described on page 188 under the above heading. If the 
generator charging rate is too high or too low, check the settings of the 
current and voltage regulator units. With no connected electrical load 
except ignition and petrol gauge, a low charging rate with a fully charged 
battery indicates that the regulator is functioning properly. 
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Checking Cut-out 

Voltmeter and ammeter comiectioiis for checking tlie cut-out operation 
are sho^ni in Fig. 22. When checking on a bench test, the regulator must 
be earthed by connecting a lead from the “ CtRD '' terminal to earth. 

Testing Voltage Regulator Unit 

The method of testing the voltage regulator unit is the same as de- 
scribed on page 189. Fig. 23 gives the ammeter and voltmeter coiiiiee- 
tioiis. Check the voltage at a generator speed of 2,000-3,000 r.p.ni. with 
8-10 amps, flowing. 

Testing Current Regulator Unit 

Remove the jumper lead, and vrith the IGN ” lead disconnected 
from the regulator, connect the ammeter test leads to the regulator as 
shown in Fig. 24. Turn on the lights and gradually increase the speed of 
the generator until the output remains constant. Under this condition, 
the output of the generator will be the amount for which the current 
regulator is adjusted. 

It is not absolutely necessary to turn on the lights when checking the 
current regulator, but, in case the battery is fully charged, it will prevent 
excessively high voltage within the electrical system while making this 
check. 

Conditions Affecting Performance 

Causes of excessive sparking at the contacts, and erratic operation 
and methods of testing for oxidised points are dealt with on pages 190 and 
191. 

Adjustments 

The air gap, point openings, etc., are adjusted in the same manner as 
described on pages 192 and 193. 

The current setting of the current regulator is adjusted by bending 
the low^er spring hanger. 

ADJUSTMENTS AND MAINTENANCE OF DYNAMOS 

If a generator is not performing according to specifications, and it has 
been determined that the cut-out relay or regulator is not at fault , the 
generator should be removed and checked thoroughly on a bench test. 

Adjusting Dynamo Output 

The output of third-brush generators can be changed by shifting the 
position of the third brush with respect to the main brushes. The third 
brush is mounted on a movable plate, located inside the commutator end 
frame. This plate is usually held in place by a clamp and a small round- 
head screw, located on tlie- outside of the commutator end frame on the 
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smaller-size generators. In order to adjust the charging rate to a greater 
yalne, loosen the locking screw and shift the third brush in the direction 
of armature rotation. The output is decreased by shifting the third 
brush opposite to the direction of armature rotation. After adjustments 
have been completed, tighten the lockscrew so there will be no change in 
output while the generator is in operation. 

When checking or adjusting the generator output, it is essential to use 
an accurate reading ammeter connected in series in the charging circuit 
at the generator terminal, rather than to use the dash ammeter. In 
checking the output of any generator, it is recommended that an accurate 
reading voltmeter be connected from the generator-armature terminal to 
earth at the same time the current output is checked. 

Never set the output of a generator beyond the maximum safe specified 
value. 

Some generators are air-cooled hy means of a powerful centrifugal 
fan, incorporated in the generator drive pulley. Air-cooling the generator 
allows it to carry a heavier load without danger of overheating. A 
generator ventilated in this manner will carry a greater load than a non- 
ventilated unit and still run 80"^ F. to 100° F. cooler. 

Adjusting Brush Tension 

In case the hrush-spring tension becomes weak, the charging rate will 
he reduced and more or less arcing and burning of the commutator will 
result because of poor contact of the brushes. Excessive spring tension 
will cause the commutator and brushes to wear faster, reducing the 
amount of service to be obtained from them. The brush-spring tension 
should be within limits for the particular model being checked. Brushes 
should be removed and checked to determine if they are seating properly. 
The pigtail ” lead connection at the brush should be checked to see that 
it is tight. A loose connection at this point causes a high resistance, 
forcing the generator to build up its voltage to a dangerously high value. 

Bedding Brushes 

Brushes used in the swivel-type holders should be well bedded on the 
commutator in order to obtain the correct generator output. To bed the 
brushes in these types of holders, wrap a strip of No. 00 sandpaper around 
the commutator, with the rough side next to the brush or brushes. A 
few strokes with the sandpaper will form the brush seat correctly. 
Never use emery cloth to seat brushes. 

With reaction-type brush holders, where the brush floats in the 
holder, the brushes attain the proper seat during the normal operation 
of the generator. Do not seat brushes in reaction-type holders. If the 
brushes in the reaction-type holder do not seat properly, check the holders 
for burrs or other defects which may cause the brush to stick. A rough 
or burred commutator may cause brushes to seat improperly, and it 
should be smoothed up hy using sandpaper. 
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Testing for Internal Defects in Dynamo 

A set of test points provides a ven’ simple but practical method of 
checking for earths, short- or open-circuits within the dynamo or genera- 
tor. The set consists essentially of an ordinary lamp provided with two 
insulated leads attached to the test points proper, and connected to the 
mains. When the test points are brought together, current vill pass and 
the lamp will light. If a wire or lead is thought to be broken, it may 
easily be checked by placing one test point on one end, and the other test 
point at the other end of the wire. If the lamp lights, the lead is not 
broken. On the other hand, if the lamp does not light, it indicates an 
open -circuit condition exists. 

The following conditions can be checked with the test points : 

Open- Circuit in Field Coils 

To test for open circuits in the field coils, use the test points by placing 
one point on each terminal of the coil being checked. If the lamp fails to 
burn it shows that the coil is open-circuited and it should be replaced. 
Insulate the field-coil terminals before checking for an open-circuit . If 
the generator has a thermostat, it is necessary that the resistance unit be 
checked for open-circuit. An open-circuit in the field circuit will prevent 
the generator from charging. 

Earthed Field Coils 

The field-earth connections should be removed before making this 
check. To test for earths, place one test point on the frame of the 
generator and the other one on a terminal of the field coil. If the lamp 
lights, it indicates an earth. 

Insulated Main Brush Earthed 

Insulate the generator brushes from the commutator by placing a 
strip of heavy paper under the brushes. Use the test points between the 
insulated main brush arm to a convenient earth. If test lamp burns, the 
brush arm mounting stud is earthed. 

Earthed Armature 

To check for an earthed armature winding, raise all the generator 
brushes and insulate them with pieces of cardboard from the commutator. 
(Be sure that the commutator is clean and that there are no p<artieles of 
carbon or copper between the bars.) Place one of the test points on the 
armature shaft and the other on the commutator. If the lamp burns, it 
. indicate earthed commutator or armature coil. 

Open-circuited Armatures 

To accurately check for an open-circuit condition, it is necessary to 
use the test points and an accurate-reading voltmeter. To make this 
check, remove the armature from the car. 
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Connect the terminals of a storage battery to points on the commuta- 
tor which are diametrically opposite. In case a bar -to -bar test fixture is 
used, a rheostat or resistance of some kind is usually included in the 
circuit and the test points are fixed so that it is only necessary to rotate 
the armature by hand {see Fig. 25). When testing for open -circuited 
armatures, the rheostat or resistance should he cut out entirely. With a 
pair of test points connected to the 15-volt scale of the voltmeter, measure 
the voltage across each two adjacent commutator bars (see Eig. 25). If 
there is an open-circuited coil, the voltage reading will increase to approxi- 
mately full battery voltage. The test points should be shifted one bar 
at a time until every commutator bar has been checked. 


Short-circuited Armatures 

If there are no open-circuited coils, the armature should next be tested 
for short-circuited coils. Always make an opeTi-circuit test before 'pro- 
ceeding with short-circuit test, in order to avoid the possibility oj damaging 
the millivoltmeter. 

The armature is connected as described in the paragraph under 
“ Open-circuited Armatures ’’ (Kg. 25), except that for this test, the one- 
tenth ( 3 V) or milli-volt scale is used instead of the 15-volt scale. The 
voltage drop between each two adjacent commutator bars is measured by 
slowly turning the commutator by hand. The readings on the voltmeter 
should he approximately the same. If any of them drop nearly to zero, 
it will indicate that one or more of the armature coils axe short- 
circuited. 

Caution . — In taking these readings, care should be taken to keep the 
points on adjacent bars, otherwise the voltage drop may be sufficient to 
injure the voltmeter. 

Another method of testing for a short-circuited armature is known as 
the ‘ ' Growler ’ ’ test {see Fig. 26). This test is very satisfactory and more 
easily accomplished than the one just described. The armature to be 
tested is placed on the “Groovier,” which is a transformer. A thin strip 
of steel is placed on top of the armature core and an alternating current 
passed through the transformer. 

The armature is rotated slowly by hand, keeping the steel strip 
uppiermost on the core (see Fig. 26). A short-circuit in the windings 
will cause the strip to become magnetised, and to vibrate very percep- 
tibly. Open- circuited armatures cannot he detected in this manner. 

A short-circuit may he either in the windings or at the commutator. 
Short-circuits at the commutator are usually caused by foreign matter in 
the slots between adjacent bars, defective mica insulation, or burred 
commutator riser bars. Unless the fault is visible to the eye it is not 
advisable to attempt repairs. Only genuine Delco-Remy armatures 
should be used for replacement- 
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Inspection and Main- 
tenance 

It is advisable to 
inspect the generator at 
least every 20,000 miles, 
and to make aiw 
adjnstnients or repairs 
needed. Have tlie 
various parts taken out , 
thoroughly cleaned and 
greased, and any other 
parts excessively worn, 
repaired or replaced. 

If the commutator is 
worn or eccentric (out 
of round) it should he 
turned in a lathe to true 
it. The mica in the 
commutator should be 
undercut. Commutator and brushes should be kept clean. Brushes 
should seat well. All connections in the charging circuit should be kept 
tight and clean. (A loose or corroded connection causes high resistance 
and may cause the generator voltage to build up to a dangerously high 
value.) 

Bearings 

Annular ball bearings and bron 2 e bearings are used in practically all 
generators. Some generators use the annular ball bearings on both ends 
of the shaft, while others use a bronze bearing on one end and a ball 
bearing on the other end. When the generator is being overhauled, the 
bearings should be cleaned and well oiled before being assembled. 

Lubrication 

All bearings provided Avith hinge-cap oilers should be supplied with 
8-10 drops of light engine oil eA^ery 1,000 miles. Generators having ball 
bearings that are provided with grease-cups should liav^e the grease- eup)s 
filled with special ball-bearing grease every o,000 miles. 

Do not Operate Dynamo on Open-circuit 

An important factor that must not be oveiioohed is that the generator 
must not be operated unless it is connected to a battery, or damage to the 
unit Avill result, as the battery plays an important part in inaintaining a 
normal voltage condition. When the generator is operated on open- 
oircuit, the voltage Avill rise abnormally higli, thus increasing several 
times the normal amount of current through the field coils, and cause the 
insulation on the field coils and armature to be burned. 



Fif/. 25. — Test con>?ectio>js for open’ and 

CIRCUITED ARMATVEES 
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If the generator is to be operated -without being connected to a battery, 
it should be short-circuited by disconnecting the lead that is connected 
to the generator side of the cut-out relay and connecting it to a convenient 
earth. 

CUT-OUTS 

A cut-out relay is used to complete the circuit between the generator 
and battery. When the generator voltage exceeds the hattery voltage, 
the contact points in the relay close and the circuit between the generator 
and hattery is completed. When the battery voltage exceeds the 
generator voltage, the contact points open to prevent the battery from 
discharging through the generator windings. This unit is usually mounted 
on the generator frame, although, if a regulator is used, it is usually 
mounted on the same base as the regulator unit. The operation 
and adjustment of the relay is the same whether it is mounted as an 
individual unit or with a regulator. 

The relay consists essentially of a set of contact points and a 
coil winding. The relay coil consists of a heavy series (current) winding 
and a shnnt (voltage) winding. The shunt winding is connected to 
the ‘‘GEN’’ terminal of the relay and is earthed to the base of the 
relay. The actual closing of the contact points is caused by the mag- 
netism created by the shunt winding when the generator operates at a 
sufficient speed to charge the battery. The series winding is connected 
in series with the contact points in the charging circuit, and current 
flows only in this winding 'when the contact paints are in a closed 

position. When the 
battery voltage exceeds 
the generator voltage, 
the current flows in 
a reverse direction 
(from battery to gen- 
erator) in the series 
winding to oppose the 
pull of the shunt 
winding and cause the 
contact points to 
open. 

Adjustment of Cut-outs 

Cut-out relays are 
designed to close at a 
predetermined voltage 
and to open with a 
small reverse current 
flowing. 


Steel strip held over 
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Specifications for tlie cut-out 
relays are shown in the tables. 

Air Gap 

With the contact points 
closed, measure the air gap 
between the armature and core 
centre at point D (Tig. 27). 

Adjust the air gap hy loosening 
the two screAYs E, and move 
the armature up or doAvn as 
required. If necessary, align 
the support carrying the lower 
contact so that the air gap 
between core and armature will be uniform. 

Point Opening 

Measure the contact-point opening with the armature in the up 
position. Adjust by hending armature stop £. On the relays 
equipped with an upper set of points, adjust the point opening by bending 
the support carrying the upper contact point. Clean contact points AYith 
a thin, fine -cut contact file if pitted or burned. 

Cut-out Closing Voltage 

Connect an accurate-reading A^oltmeter to the i*elay terminal marked 
'"GEN"’ and to a convenient earth. Start the engine and gradually 
increase the speed until the contact points close. This is the dosing 
voltage of the relay, and it can he adjusted by adjusting the spring post 
A (refer to Fig. 27). Bending A to increase the armature -spring 
tension will increase the closing voltage, and decreasing the spring tension 
will decrease the closing voltage. 

The generator commutator should he sanded before making voltage 
check. Oil or '‘gum'' on the coinnmtator will not affect tiie dosing 
voltage of the relay points, hut makes it necessary for the generator to be 
driven at a faster rate of speed in order to produce sutficient voltage to 
close the relay-contact points. Check the spring tension and seats uf 
generator brushes . 

Correcting Reversed Polarity 

If the generator or battery is removed for any lanison it is possible that 
the polarity of the generator may be reversed. Ke versed generator 
])olarity will cause the cxit-out relay }K)ints to vibrate and burn. This 
condition can he corrected by momentarily connecting a short jumper 
lead from the ‘‘ Batt to the Gen terminals of the relay, after all lead 
connections have been made to tlie relay cxnd before tlie engine is started. 
This should always be done when a generator has been remuved and 
replaced. 

M.R.O. IV. — 14 



Fig. 27. DEXCO-RtniY cvr-orT 

A, spring post. B, armature stop, C, con- 
tact points. D, air gap. E, air gap adjusting 
screw. 
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Testing Procedure 

If the ammeter fails to show Charge vdth the engine running and 
the generator turning over at charging speed, a very simple test can he 
made to shov^ if the trouble is in the cut-out relay. Take a short length 
of wire and connect it to the battery and to the generator terminals of the 
cut-out. If the aninieter then shows “ Charge ” the trouble is in the cut- 
out, and it should be replaced. Another simple test to determine if the 
generator is charging is to take a short piece of wire and touch it against 
the generator terminal of the cnt-out and an earth. If the generator is 
charging there will be a flash when the wire is touched to earth. 


TABLE I 

CURRENT AND VOLTAGE REGULATOR TEST SPECIFICATIONS 


Voltage Regulator Air Gap -063 in. 

Current Regulator Air Gap *075 in. 

V. & C. Regulator Point Opening *020 in. 

V. & C. Regulator Contact Spring Tension 3-5 oz. 

V. & C. Regulator Fibre Bumper Clearance *010 in. 

Relay Air Gap *020 in. 

Relay Point Opening *020 in. 


Relay Points Open with 0— t^O amps, reverse current. 




VOLTAGE REGULATOR 



CURRENT 

Voltage Setting 

' CUT-OUT 

Spec. 

RmULATOR 

[Closed Circmt) * 

1 RE LA Y 

No, 

Curretit Setting 



, Points Close 


{Amps.) 

70° F. 

150° F 

(Volts) 10° F. 

1293 

26-28 

7.0-7'4 

6-95-7-15 

' 6-9-7-6 

1300 

20-23 

7‘5-795 

7*4-7 -6 

6-9-7-6 

1401 

20-22 

7'0-7-4 

6-95-7-15 

6-9-7-6 

1404 

16-18 

14-2~15*0 

14*1-14-5 

12*8-14-4 

1411 

20-22 

7-0-7-4 

6-95-7-15 

6-9-7-6 

1410 

24-26 

7-0-7-4 

6-95-7-15 

1 6*9-7-6 

1418 

28-30 

7-5-7-9 

7*4-7 -6 

1 6-9-7-6 

1419 

24-26 

7-5-7-95 

7*4-7-a 

6*7-7-6 

1420 

16-18 

14-2-15-0 

14*1-14-5 

12-3-13-7 

1421 

13 

7-5-7'95 

7-4-7 -6 

6-4-7-1 

1422 

26-28 

7-0-7-4 

6-95-7-15 

i ()-3-6-9 

1427 1 

ll-5~13-5 1 

14-2-15-0 

14-1-14-5 

12-8-14-2 

1429 : 

19-21 S 

14-2-15*0 

14- 1-14-5 

12-8-14-2 

1430 1 

7-9 

14-2-15-0 : 

14-1-14-5 

12*3-13-7 

1431 1 

9-11 

14-2-15-0 

14-1-14-5 

12-3-13-7 

1432 

26-28 i 

7-5-7-9 ! 

7- 4-7 -6 

1 6-9-7-6 

1435 

24-26 

14-2-15-0 

14- 1-14-5 

1 12*3-13-7 

1436 

12-14 

14-2-15*0 

14- 1-14-5 

12-3-13-7 

1437 

24-28 

14-2-15-0 

14- 1-14-0 

12-3-13-7 

1441 

34-36 1 

7-0-7-4 1 

6-95-7-15 

6-9-7 -6 

1442 

34-36 

7 -0-7-4 ' 

6-95-7-15 

6-3-6-9 

1443 

29-31 

7-0-7-4 

6-95-7-15 

6-9-7 -6 

1444 

14-16 

14-2-15-0 

14- 1-14-0 

i 12*3-13-7 


* Operate generator at speed 25% above speed at which it drst reaches rated output 
and adjust cuirent to 8-10 amps. 
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TABLE II 


VOLTAGE REGULATOR TEST SPECIFI0ATI0:N’S 



Regulator Air Gap 


-063 in. 


Regulator Point Opening 


. . . . *020 in. 


Regulator Contact Spring Tension . 


. . . . 3*5 oz. 


Regulator Fibre Bumper Clearance. . 


. . . . -OlO in. 


Relay Air G ap 


. . . . -020 in. 


Relay Point Opening 

Relay Points Open with 0'4‘0 amps. 

reverse current. 

. . . . *020 in. 


REGULATOR 

Voltage Setting 

RELAY 
Points Close 


S jiec, [Closed Ci md /)* 





{Volts) 70“ F. 


70^^ F. 

150= F. 


1294 

. . . 7 ‘5-7*9 

7-4-7*6 

6* 9-7*6 

1406 

7*25-7*65 

7*2--7*4 

6* 9-7*6 

1409 

14*2-15*0 

14*W4*5 

12*8-14*2 

1423 

6*95-7*45 

6*95-7*1 5 

6* 9-7*6 

1438 

14-2-1O-0 

14*1-14-5 

12*4-13*6 

1439 

7*25-7*65 

7*2-7 *4 

6-2-6*9 

1445 

7-5~7*9 

7*4-7*t) 

6* 3-6*9 

1449 

7*3-7*6 

7*25— 7*35 

6*2-6* 8 


^Operate generator at rated speed for maximum output and adjust current to S-IO amps. 


SFJSCIAL NOTES ON NEGCLATOR FEBFORMANCE AND CHECKS 

(1) A regulator cannot increase the generator output beyond the generator’s designed 
maximum, since the function of the voltage regulator unit is to reduce the output w'hen the 
electrical circuit requirements are reduced and the battery is approaching a charged con- 
dition. The current regulator unit is a current limiting device, preventing the generator 
from exceeding its designed maximum. 

(2) The voltage regulator unit limits the voltage of the circuit, thus protecting the 
battery and the distributor points, lights, and other accessories from high voltage. 

(3) The current regulator unit is a protection to the generator, preventing it from ex- 
ceeding its maximum rated output. 

(4) Never set the current regulator above the maximum specitied output of the genera- 
tor. 

(5) Manj^ of the regulators are designed to be used with a positive earthed battery 
only, while others are designed to he used with a negative earthed battery only. Never 
attempt to use the wrong polarity regulator on an application. 
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t Voltage at 150* 
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TABLE IV 

CrEIlE:NT REGULATOR TEST SPECIFR'ATrOXS 
OURBENT REGULATOR U\TT 


Spec. 

Ao. 


Current SetCnnj 
•es) 


TO F. F. 


12S1 . 

12SG . tTU)— 8- 

1287 . 


* Generator delivers 11) 21' amps, witii 11-ainp. lamp load, f Generator delivers 
1 1“1 3 amps, with 7-ainp. lamp load. 

§ Generator delivers 1 4— It) amps, with 11 -amp. lamp load. J Generator delivers 10'-12 
amps, with 7-atnp. lamp load. 

Curreiit regulator : air g-ap -OoT in., point opening -(lilO in., gap between fibre bumper 
and oontaot spring stop '1)1)8 in., coiitaet spring tension 2-25 oz. Cut out relay: air gap 
•015 in., point opening -021) in., points close lv7o-7-25 volts, points open 0-3*0 amps, 
reverse current. 


TABLE V 


CURBEAT LIAIT RELAY TEST SPLGIFR'ATIOAS 


Air giip -d^o ill., vuntaet point opening -(rid in., inininiiuii spring terisioii u! bra.ss button 

T) oz . 





V ibraks 

CorkoN 

Sure. 


Starts 

trilh 

}F>hl< 

Au. 


V til/ 

Ihivi Sliurt 

0 pt n 



( A m j)s.) 


{At tips. 

H20 



2-15 


d2(.)-A 


25 -Bn 

=**2-15 


t)2Ci.B 



5-22 


t)20-G 


20-23 

2-15 


520-1) 


.’F) 40 



520-E 


22 25 

2-15 


520.E 


35-40 

5 

25 :>U 

1)2U-G 


35-40 


2 s :li 


* Btith uiiit-^. 
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SPECIAL HOTES OE REGVLATOM PEREOMMANCE AND CHECKE— continued 

(6) The majority of reported regulator troubles arise from dirty and oxidised contact 
points, which cause a reduced generator output. Clean the contact points with a thin 
iine-eut contact file. If the points are pitted, clean, the pit with a spoon or ball-shaped file. 
NEVER USE EMERY CLOTH TO CLEAN CONTACT POINTS. 

(7) On the no-“ IGrN ” terminal type of voltage regulator, such as used on many of 
1939 cars, the relay voltage must he set below the regulator voltage or the relay 
will not close until high generator speed is reached, thus causing run-down batteries. Too 
low a setting will cause the relay points to vibrate and burn. Make sure the relay is set 
within the limits given in the specifications. This type of relay may he set either hot or cold. 

(8) The type of regulator which has an “ IG-N ” terminal should have the cut-out relay 
voltage setting made with the relay cold (70° F.). 

(9) Never attempt to set the voltage regulator unit on open circuit on the regulators, 
specifications for which are listed in Tables I and II. To do so will result in burned contact 
points, voltage regulator windings, and resistance units. With any of these conditions, 
check for an open circuit or excessive resistance in the car electrical charging circuit before 
reinstalling regulator. This type of regulator will operate with broken or open battery 
connections, without damage to the unit, as long as there is a connected light load of 
5 amperes or more. 

(10) On the type of regulator which has a rubber gasket, always replace the gasket 
upon reassembly, since this is a protection on the contact points, preventing dust and oil 
vapours from oxidising the contact points. 


INDEX TO TEST SPECIFICATIONS 


Model 

JS^o. 

Spec. 

No. 

Model 

No. 



S^ec. 

No. 

Model 

No. 



Spec. 

No. 

Model 

No. 

Spec. 

No. 

5539 , 

. 1227 

5595 



1405 

5827 



1294 

5860 . 

1445 

5540 . 

. 1242 

5596 



1411 

5828 



1422 

5861 . 

. 1418 

5541 , 

. 1281 

5597 



1293 

5829 



1430 

5862 . 

. 1449 

5542 . 

. 1242 

5598 



1294 

5830 



1296 

5863 . 

. 1408 

5543 . 

. 1286 

5599 



1293 

5831 



1432 

5864 . 

. 1433 

5544 . 

. 1242 

5600 



1406 

5832 



1432 

6865 . 

. 1443 

5545 . 

. 1287 

5800 



1408 

5833 



1433 

5866 . 

. 1438 

5546 . 

. 1242 

5801 



1404 

5834 



1289 

6867 . 

. 1418 

5548 . 

, 1242 

5802 



1409 

5835 



1294 

5868 . 

. 1433 

5549 . 

. 1242 

5803 



1406 

5836 



1435 

5869 . 

. 1433 

5550 . 

. 1242 

5804 



1410 

5837 



1435 

5870 . 

1449 

5551 . 

. 1242 

5805 



1242 

5838 



1289 

SM1719 

. 1289 

5554 . 

. 1242 

5806 



1420 

5839 



1296 

SM1739 

. 1242 

5555 

. 1242 

5807 



1294 

5840 



1436 

SM1780 

. 1404 

5556 

. 1242 

5808 



1294 

5841 



1437 

SM1891 

. 1421 

5557 . 

. 1294 

j 5809 



1416 

! 5842 



1437 

! SM1957 

. 1431 

5558 . 

. 1242 

! 5810 



1416 

; 5843 



1438 

410-A . 

. 620-E 

5559 . 

. 1300 

^ 5811 



1418 

5844 



1439 

410-R . 

. 620-A 

5560 . 

. 1289 

! 5812 



1294 

1 5845 



1449 

410-C . 

. 629 

5581 . 

. 1242 

' 5813 



1419 

; 5846 



1427 

410-D . 

. 629 

5582 . 

. 1242 

j 5S14 



1294 

5847 



1441 

410-E . 

. 620-A 

5583 . 

. 1296 

5 S 1 5 



1423 

5848 



1441 

410-F . 

. 620-B 

5584 . 

. 1296 

j 5816 



1242 

5849 



1449 

: 410-Gl . 

. 620-B 

5585 . 

. 1297 

^ 5817 



1294 

5850 



1242 

; 410-H . 

. 620-A 

5586 . 

. 1289 

1 5818 



1419 

5851 



1433 

1 410-J . 

. 620-B 

5587 . 

1401 

' 5819 



1422 

5852 



1442 

: 410-K . 

. 620-D 

5588 . 

. 1294 

5820 



1496 

' 5853 



1442 

i 410-L . 

. 620-B 

5589 . 

. 1405 

! 5821 



1424 i 

1 5854 



1443 

410-M . 

. 620- C 

5590 . 

. 1296 

5822 



1490 

' 5855 



1421 

410-N . 

. 620-D 

5591 . 

. 1294 

5823 



1420 , 

5856 



1444 

410-P . 

. 620-E 

5592 . 

. 1294 

: 5824 



1289 1 

1 5857 



1449 

410-S . 

. 620-D 

5593 . 

. 1296 

5825 



1427 

’ 5858 



1445 

480-Z . 

. 620-P 

5594 . 

. 1405 

5826 



1429 j 

i 5859 



1446 





ENGINE TUNE-UP SERVICE AND 
EQUIPMENT 

By S. G. MUSDY- M.I.E.E., M.I.M.T. 

D uring recent Tears there has been a considerable development in 
specialised equipjnient for testing engines and electrical equip- 
ment. Apart from the necessity for acquiring sufficient knowledge 
to operate this equipment, it is equally necessary properly to appreciate 
its purpose, because, with the availability of modern testing equipment, 
there has been evolved a more concise understanding of the real problem 
involved in servicing the modern car. 

W hen a car owner visits a garage or service station he does so because 
the perforfriance of the car is not satisfactory. He desires the performance 
to be restored. 

Engine Tune-up — What it Is 

The restoration of ear performance has been described as engine 
tune-up. Tune-up does not mean tinkering — adjusting this and that 
until the engine seems ” to run better. Neither does it mean that the 
service mechanic has to be a motor engineer capable of working out a 
combination of valve clear- 
ances, point setting, and 
sparking-plug gaps to suit 
his own ideas. 

Tune-up means restor- 
ing the original standards 
of adjustment. These 
standard adjustments were 
originally made at the car 
factory. They Avere built 
into the car by the manufac- 
turer. They g‘A\e the car 
its original power , its speed, 
its acceleration, its 
economy. With normal 
wear the original adjust- 
ments have changed. 

Moving parts havej worn , 
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terminals have become 
corroded, spriags have 
weakened, and passages 
have become clogged. The 
more miles tbe car has been 
operated the greater the 
degree of change and the 
consequent falling off in 
performance. Engine 
tune-up is a method which 
permits the serrice 
mechanic firstly to find 
out by systematic tests 
the alterations which hare 
taken place in the original 
standards of adjustment, 
and to restore these stand- 
ards by making such 
adjustments, fitting such 
replacements, or carrying 
out such repairs as the tests made prove to be necessary. Every service 
mechanic will appreciate that this method is much more satisfactory 
than the methods now so frequently used, which are in so many cases 
carried out in a haphazard way, and which in any case only correct 
the more obvious troubles instead of systematically analysing all the 
canses of lost car performance, and the work required completely to 
bring back new-car performance. 

When a Tune-up is Required 

The starting-point for the first tune-up after the purchase of a new 
car may be taken at a mileage of 4,000, this being 3,000 miles after the 
driving period at which the standard warranty of the car manufacturer 
expires. 

It is expected that during the first 1,000 miles the ordinary ’ minor 
adjustments necessary to a new car will have been made ; thereafter a 
tune-up should be applied every 3,000 miles. 

At this mileage point— 4,000 after purchase or 3,000 after the previous 
tune-up — the car OAViier can be assured that new-car performance can be 
maintained. Although the distributor, carburettor, and other vital units 
of the car will not have enough wear to require actual repairs or overhaul, 
the fine adjustments made at the factory will have altered with use and 
should be restored to their original standards. 

At mileages of approximately 10,000 it will become necessary to carry 
out more complete reconditioning of individual units such as dynamo, 
starter, distributor, fuel pump, and carburettor. 



Fig. “2. — Testing ignition coix undees. vahlable 

SPEED CONDITIONS 

{Crypton Equip) m^it Lid.) 
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The Advantages of a Tune-up 

Complaints made bj car corners 
of petrol consumption, missing, 
sluggish engine, poor acceleration, 
hard starting are all indications that 
a tune-up is necessary. 

In recommending a tune-np for 
such complaints, the serWce mechanic 
should remember that the owner is 
entitled to kno^v' what it is proposed 
to do to his car and why. The average 
car owner will probably have some 
theory of his own as to why he is 
getting hard starting or poor mileage, 
and he expects the mechanic to offer 
some separate or distinct remedy, 
such as ^‘cleaning sparking plugs,” 
or fit new contact-breaker points.” 

It should be explained, however, 
that the cause of poor performance is 
the gradual alteration of all the 
standards of adjustment built into 
the engine, and that what you wish 
to do is to restore all these adjust- 
ments to their original settings, which may or may not inyolve new 
parts or reconditioning. 

No service mechanic can give a car owner any real service by accepting 
instructions to adjust carburettor,” “ clean plugs,” “ clean . contact- 
breaker points,” or similar individual jobs. Regardless of what the 
owmer thinks he needs done, Avliat he really needs and expects is to have 
his car fixed ” — -or have its performance restored. 

The only satisfactory method of doing this is firstly by systematic 
examination to ascertain all the causes of lost performance, and what 
adjustments, repairs, or replacement parts are required to bring hack the 
performance to normal. 

Apart from recommending a tune-up in cases of spiecific complaints 
such as those mentioned, it is in addition quite safe to recommend a tune- 
up in every case where a car has been driven 3,000 miles or more without 
having been tuned. The car owner may have no specific complaint, and 
more than likely will feel positive that there is nothing wrong with the 
car. That is because he has been driving the car continuously and there- 
fore has not noticed the gradual decline in its performance. 

To such an owner the service mechanic is perfectly safe in advising a 
tune-up with a definite promise of restoring the performance of the car in 
power, acceleration, and economy. 



Fig , 3.— Tuning the engute with the 

VACUUM GAUGE 
{Crypton Equipment Ltd.) 
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4. — A Cry'ftont enginte tester 


The Technical Side of Engine 
Tune-up 

The above introduction mil 
help every service mechanic in 
studying the articles which follow 
in the form of a complete series, 
and which give the fullest informa- 
tion of how systematically to 
analyse the causes of lost car 
performance and to carry out such 
adjustments, repairs, or replace- 
ments as the tests made show to 
he necessary. 

' MODERN ENGINE TUNE-UP 
EQUIPMENT 

There has been developed 
during recent years a considerahle 
variety of specialised apparatus 
for systematically testing engines 
and electrical equipment. This 
equipment can broadly be styled 
as engine tune-up equipment, 
since its proper function is to 
enable a tune-up to be easily 
performed. 

Tnne-np can be applied to the 
engine itself, to the electrical or 
fuel systems, to the shock ab- 
sorbers, or to any other mechanical 
or electrical operation on the car, 
because it means in every case 
restoring the original standards of 
adjustment. 


This includes v’acuum gauge for measuring 

engine vacuum, a compression gauge for Types of Engine Tune-Up 
measuring c^dinder compression, voltmeter Efluipmeut 
and ammeter, and various devices for igaition ^ ^ 

testing. {Crypton Equipment Ltd.) Types of engine tune-np equip- 

ment as met with under average 
conditions in English motor-trade practice are represented by such equip- 
ment as the Crypton engine test and engine analysers, the Ford 
laboratory test set, Stroinberg motor-scope, and the Potter analyser. 

The service mechanic is apt to get somewhat confused because of the 
wide differences that at first sight seem to exist betw^een the various types 
of equipment available. It should be recognised, however, that basically 
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all these Tarious items of equipment are the same. They each consist 
of a number of standard instruments assemhled in varying forms to pro- 
vide an impressive and complete means of making mechanical and elec- 
trical tests of the car. 


Briefly, all the various makes of equipment are made up of t lie folio v- 



iiig instruments : 

A vacuum gauge for measuring engine vaeiuiin. 

A compression 
gauge for measuring 
cylinder compression. 

A pressure gauge 
for fuel -pump testing. 

A voltmeter for 
electrical testing. 

An ammeter for 
electrical testing. 

A sparkmeter for 
measuring sparking 
length of ignition 
high-tension systems. 

A condenser tester 
for measuring charge 
and discharge values 
of condensers. 

An ohmmeter 
giving a direct reading 
in ohms of the re- 
sistance of wiring and 
electrical circuits. 

A motor-driven 
contact breaker, com- 
prising variable-speed 
motor with make- 
and-break for testing 
ignition coils under 
variable speed con- 
ditions , and giving 
facilities for high-ten- 
sion testing of moulded 
insulation parts. 

A dis tr ib u tor 
syncroscope for accu- 
rately and visually in- 

r ig. 0. SMAiLEU JUJNUiJNli 

ICa in^ e per or This includes a vacuum voltmeter, ammeter, aud 

mance ot distributors. sparkmeter. [Crypton Equipment Ltd.) 
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Exhaust gas analysers for analysing the exhaust gas. 

Provided these various instruments are each properly understood, 
there will he no difficulty in operating any particular make of equipment, 
since all that is required is a knowledge of the exact methods used to 
comhine the various instruments and a knowledge of the switching opera- 
tions, since very often two or more separate instruments are used from 
the same pair of terminals by means of a change-over switch ; frequently 
multi-scale ammeters and voltmeters are used, a switch being provided 
for each individual scale. 

Later articles outline the following ; 

(1) The theory and application of the different instruments which 
make up the various makes of test equipment available. 

(2) A systenic^tic method of rapidly checking over a car to ascertain 
the mechanical condition of the engine and the condition of the ignition, 
carhuration, and electrical systems. 

(3) A more complete analysis for checking valves, valve gear, piston 
rings, cylinders, carburettor, fuel pumps, plugs, ignition timing, ignition 
coils, condensers, dynamo, starter, distributor, wiring, accessories, etc. 



ENGINE TESTING WITH A VACUUM 

GAUGE 

By 8. G. MUNDY, M.I.E.E., A.M.I.A.E.. M.I.M.T. 

P RACTICALLY every item of modern tune-up equipment ineoiq^o; 
ates a vacuum gauge, and this is the most important single instru- 
ment fitted to the equipment. 

Portable vacuum gauges are also available and are becoming ex- 
tensively used. 

In order to obtain the most satisfactory results from vacuum-gauge 
tests and adjustments, it is necessary that the theory and application of 
the instrument should be understood. In the hands of an operator skilled 
in the use of the vacuum gauge it becomes an instrument of considerable 
utility, both in determining faulty engine condition, such as poor valves 
or valve gear, in adjusting ignition timing and carburettors, and for test- 
ing carburettors, fuel pumps, ignition and electrical equipment, etc. 



Fig. 1. A PORTA.BLE; ENGINE TESTER INCORPORATING A VACl'VM AND A. 

COMPRESSION GACGE 
{Crypton Equipyyient Ltd.) 
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1 4 7 Ibs.sq” 

( \ 




Fig. 2a. — The levels of the 

LIQUID IN FIG. 2 MAY" BE 
REPRESENTED AS A PAIR 
OF SCALES WHICH ARE IN 
BALANCE 

The weights a and b oh the 
scales represent the weights 
of the columns of air 
approximately 50 miles high. 


Fig, 2. — A GLASS IJ- 
TTJBB CONTAINING A 
LIQUID 

Note that the liquid 
levels are the same. 


M7lbs.sq' 



Fig . 3. — The effect of 

APPLYING AN ADDI- 
TIONAL PRESSURE OF 
5 LB. PER SQUABS IN. 
TO ONE SIDE OF THE 
TUBE 


The Vacuum Gauge 

As its name implies, the vacuum gauge is for the purpose of measuring 
vaciLiim. We are all familiar ^vith vacuum in one form of application 
or another, and doubtless look upon it as being some form of space which 
is devoid of air, or else as a form of suction. This interpretation is, how- 
ever, incorrect ; vacuum ” is actually “pressure ” (the exact opposite 
of what it is usually assumed to be), and better to understand the position 
it is advisable to consider pressures a little more fully. 

The most common pressure with which we are familiar, and to which 
most reference is made, is “ atmospheric ” pressure. The air which we 
breathe, and which surrounds this world, does not extend indefinitely 
into space, but terminates somewhere between 100 to 200 miles above the 
earth’s surface. Air has w^eight, thus the greater the thickness of a given 
layer of air or the greater the height of the air, the greater will be its 
weight. 

Atmospheric pressure is taken as being the weight of a column 
of air approximately 50 miles high and 1 sq. in. in cross-section. 
The mean average weight of such a column is assessed at 14-7 lb., and 
atmospheric pressure is, therefore, spoken of as being 14-7 lb. per square 
inch. 

Tig. 2 shows a glass U-tube containing a liquid. The two ends of the 
tube are open, and there will, therefore, be a pressure of 14*7 lb. per square 
inch on the liquid in each side of the tube. In consequence, the levels on 
each side of the tube will be the same. This is analogous to a pair of 
scales which are in balance, as shown in Tig. 2a. 

Tig. 3 shows the effect of applying a pressure of 5 lb. per square inch 
to one side of the tube. The level of the liquid will be forced downwards 



El^GIK^E TESTING WITH A VACUUil GAUGE [vol. it.] 223 



/ 


Fiff. 4. — The co^jditions in 

FIG. 3, EEPEESENTED BY A 
PAIB OF SCAJLES 



''/£/. 5. — The same effect 

AS IN FIG. 4 CAN BE OB- 
TAINTED BY REMOVING 
%VErGHr FROM ONE SIDE OF 
THE SCALES (SEE FIG. 6) 


on tlie side to wliicli the pressure is applied, and upwards on tlie opposite 
side. The actual pressures to which the liquid is subjected will be — 

Atmospheric pressure on side "'a ” of the tube. 

Atmospheric pressure + 5 lb. per square inch on side " b " of the tube. 

Again we see the anaJogy of the “ balance ” method as illustrated in 
Fig. 4, where an additional 5 lb. weight has been added to one side of 
the scale, causing this to drop and the other side proportionately to 
increase, 

A moment’s thought will show that the addition of extra pressure on 
side b ” of the pair of scales is not the only method by which this side 
may be made to go down. The same efifect would be experienced if we 
removed some of the weight from side a ” of the scales, as shown in Fig* 
5. By removing 5 Ih. from side “ a instead of adding 5 lb. to side b,” 
we are getting the same results as were shown in Fig. 4. 

Fig. 6 shows the application of this method to the liquid in the U-tube. 
An exhaust pump has heen connected to side a ” and the pressure re- 
duced by 5 Ih. per square inch, which will cause the levels of the liquid 
to become the same as shown in Fig. 3. 

Commercial Measurement of Vacuum inf Z," 

The standard laboratory -type instrument 
for the measurement of vacuum consists of a 
U-tube which contains nrercury. The ‘"unit"' 
of vacuum is the inch ” of mercury, which 
ds equivalent to 0-49 lb. per square inch. 

The number of inches of mercury is 
determined by taking a direct linear measure 
of the difference between the levels in the tube. 

Fig. 7 shows a mercury column registering 
18 in. of vacuum. It ^vill be known that there 
is no such thing as a perfect vacuum, since 
it is impossible to construct a container that 
can he completely exhausted, or the necessary 
exhaust pump to do it. There must always 



Fifj. e. — T he levels of the 

LIQriD BROUGHT TO THE 
SAAIE POSITION .\S IN FIG. 3 

ONE SIDE OF THE 
BY 5 LB. PER SQ. 
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te a small quantity of air present in any vacuum, and thus there must 
ahvay^s be a small pressure existing. This pressure can readily be 
determined. In the example, as illustrated in Eig. 7, the calculations 
■would be as follows : 

Since 1 in. mercury = 0-49 lb. per square inch, then — 

18 in. mercury — 0-49 X 18 = 8*82 lb. per square inch, which is 

the amount by which the atmospheric pres- 
sure has been reduced. Subtracting this 
from atmospheric pressure gives 14*7 — 
8*82 = 5-88 lb. per square inch, which is the 
actual pressure on the mercury in side ‘‘ a ” 
of the tube. 

This shows, therefore, that a vacuum is really a pressure, but in order 
to distinguish it from normal pressures it is termed a ne^atim pressure, 
meaning that it is lower than atmospheric pressure. Pressures above 
atmospheric pressure are termed posiiim pressures. 

In considering these facts, and in making use of the vacuum gauge, it 
should be noted that where measurements are taken at considerable alti- 
tudes above sea-level it heeomes necessary to allow for the reduction in 
atmospheric pressure due to altitude. The gauge reads low by approxi- 
mately 1 in. for each 1 ,000 ft. above mean sea-level. 

Connecting the Vacuum Gauge for Engine Tuning and Testing 

For the purpose of engine tuning, and the location of faults resulting 
in poor engine performance, an accurate vacuum gauge with a clear scale 
reading should he used and connected to the induction manifold. The 
point at which the connection is made should he as close to the throttle 
as possible, in order that the w-hole of the air stream passing into the engine 

may pass the point of vacuum-gauge connection. 

14-7 lbs sq, engines having an existing 

connection already provided for the operation 
of windscreen wipers, ignition advance or retard 
units, or lubrication equipment, it is frequently 
possible to utilise this connection. Care must, 
however, be exercised, since in some ignition 
units, for example, the point of entry is on the 
carburettor side of the throttle ; also the dis- 
connection of the unit may in some way interfere 
with the performance of the engine. 

Where no point of entry to the induction 
manifold exists, it becomes necessary to drill the 
manifold at the correct point whth a No. 30 drill, 
the hole being then tapped 3BA and plugged 
OF vA.cuuM after use with a 3B A screw . 
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It has been queried from time 
to time whether this operation 
is ill any way detrimental to 
the engine. It is not — and 
there is no need to remove the 
manifold for drilling ; it is quite 
sufficient merely to cover both 
the drill and tap with thick grease 
in order to remove the maj ority 
of drillings. Manifolds are of 
two types — cast iron and alu- 
minium ; with the former the 
drillings are of granular struc- 
ture, and in the event of any of 
them entering the engine the 
first explosion wdiicli occurs in 
the cylinder would result in the grannies being carbonised. In the ease of 
aluminium, the drillings come off in the form of turnings, and the tinal 
turning, made as the drill goes through, invariably turns back inside the 
manifold in the form of swarf. 

Another factor often overlooked in considering diilling the induction 
manifold, is the fact that there is only one possible point where trouble 
could arise due to the ingress of drilling particles. This is that they may 
be trapped between the valve and the valve seat , thus allowing leakage at 
this point. Fortunately, however, one of the uses of the vacuum gauge 
is to locate valve leakage, and in the event of such an occiirrenee the sub- 
sequent behaviour of the gauge will indicate what has happened. 


TO 

ENGINE 


f 


f 


DRILL HERE 





1 


V 


TO 

CARBURETTOR 

Fi(j. S. — Position' of con'N'ectiox of 

GAUGE TO BALANCE PIPE OF INDP'CTEON 
MANIFOLD OF CAB FITTED WITH TWO CAR- 
BU BETTORS 


Drilling for Dual and Triple Carburettors 


With dual carburation sVvStems 
unless a balance-pipe is fitted ; 
in this ease the vacuum gauge 
may be connected to the centre 
point of the balance ])i])e, as illus- 
trated in Fig. JS. 

With tri])le carburettors it is 
usually sufficient to drill the 
centre carburettor, as illustrated 
in Fig. 1). although it may some- 
times be found necessary to drill 
all three carburettors, lii the 
case of triple units which do not 
offer a ready means of drilling 
the centre unit, and provid- 
ing balance-pipes are fitted, the 


is necessary to drill both carburettors 
TO 

ENGINE 



TO drill 

CARBURETTOR HERE 

t'ifj. S>.- L'.SI'AL OF ( ONMOTIL'N' 

OF VArlT'M OAI'GP: WHKKE TH Rt:E C.AR- 
iU RETTOKS AKK FlTl'KI) 

All alternative is <ho\vu in h'. 
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TO GAUGE 


TO carburettor 


PIECE 


A 


TO 

drill hole 


centres of both pipea 
should he drilled and 
the two points of 
connection j oined 
together and to the 
V a, c u u ni gauge by 
means of a Y ’’-piece, 
as illustrated in Fig. 
10 . 


The Theory of Operation, 
of the Vacuum Gauge 
when used for Engine 
Tuning and Testing 


Fig. 


10. — Ak ALTBRNAriVK MK'IHOD OF VACUUM GAlTClIi: 
COiNNECTION TOR TKIPXB CARBURETTORS 

The two points of connection are eonaectecl together 
and to the gauge by means of a Y piece. 


In order correctly to 
interpret the behaviour 
of the vacuum gauge 
for tuning and testing 
engines, it is necessary 
to have a clear undei'standing of this theory of operation. 

The basis upon which the vacuum gauge operates is best understood 
by considering Fig. 11, where “ a’’ is the vacuum gauge, ‘‘ b ” a tanh, 
c an exhaust pump, and d ” a valve controlling the ingress of air 
into the tank. 

We will assume firstly that the valve “ d is half open and the puni]) 
'' c is running at a medium speed ; a certain reading will be recorded 
on the vacuum gauge. If, now, the valve ^‘d” be opened further, the 
additional ingress of air into the tank will, providing the pumj) remains 
running at the same speed, result in a fall in the vacuum-gauge reading. 
The same result would have been produced bad the valve “d ” been 

left in its original 



a 11 d t h e 
the pump 

t h e o the r 
reduced the 
air into the 


Fir/. 11.— JL.i.l’KTF'tATlNCJ THK t)FUKATI<.)N Ob' 'I’H K VAC’lUf.M 
GAUOa WHEN USRD EOK TUNINU AND TKSTlNti 


posit io 11 
speed of 
reduced . 

If, on 
liand, we 
ingress of 
tank by partly closing 
the valve '' d or by in- 
creasing the speed of 
the I'lunip ‘‘ c,” a 
higher vacuum reading 
w 0 u 1 d have bee n 
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Let us now' consider Eig. 11 as represent init' a ear eiitrine where “ h '* 
becomes the induction iiianifold, “e ” the ensine itself, and '‘d*' tlie 
throttle. Tvyo major differences Avill immediately lie observed. Firstly, 
thevacuimi in the iiianifold “ b " tvill not be that due to a sing:le cylinder. 
Secondly, the air-ingress ralre ''d'" becomes the throttle and Wntrois the 
speed of the engine, i.e. the speed of the puinping. Thus, by openins: 
“ d,” not only is more air admitted to the manifold, but there is an increase 
in the rate at which the air is extracted . 

It will, how'ever, he found that a reading can always be obtained on the 
gauge irrespectiye of the position of the throttle. This enables us to 
apply the gauge at any speed of the engine, it being necessary only to set 
the throttle to the speed required and leave it set in that position. 

Engine Tuning 

The engine depends for its efficiency upon the completeness of combus- 
tion of the fuel supplied to it. This is the’ condition which the vacuum 
gauge must indicate if it is used for tuning the engine. 

Let us revert to Fig. 11, and assume the engine is set at fast idling 
speed and that the gauge shows half-scale deflection. The effect of any 
adjustment made to the carburation system vdiieh results in a better 
mixture being obtained means — firstly, that more of the fuel being taken 
in. by the engine is being used, and there is, therefore, less direct wastage ; 
secondly, that more power is being developed from the fuel, in conse- 
quence of wliieli the pistons receive greater impulses wdien on the power 
stroke, iucreadng the engine speed, despite the fact that the throttle has 
Tiot been readjusted. This increased speed or pumping action gives a 
higher vacuum-gauge reading. Thus, in order to tune ant' engine, it is 
necessary only to set the throttle and fix it in one position, and then carry 
out adjustments of the mixture until the highest steady vacuum reading 
is obtained. 

The same considerations apply in ignition setting. The ignition is 
advanced or retarded until the spark takes ]ilace at the position wiiieh 
will result in the most complete combustion, giving the maximum power 
stroke ; thus, the maximum speed, the maximum " pumping action," and 
the maximum vacuum reading. 

The effect of a mixture that is too rich or too lean, or an ignition setting 
that is too far advanced or too far retarded, will be a hilling off in the gauge 
reading. There is onH one o])tiinum position, and that will correspond 
to the point of most complete combustion efficiency, when maximum 
power, speed, acceleration, and fuel economy are assured, all these con- 
ditions being rejiresented by the highest steady vacuum reading it is 
possible to obtain. 

Checking Mechanical Condition with the Vacuum Gauge 

itpart from the use of the vacuum gauge Lii tuning engines where w'c 
adjust ignition and carburation, as described, to obtain maximum steady 
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vacuum reading, it is also possible to use the gauge to determine Avhether 
the engine is in a satisfactory mechanical 0])erating condition. 

Tlie gauge is connected to the induction manifold, as previously de- 
scribed, but it is operated on the starter. The engine now operates directly 
as a vacuum pump. The vacuum gauge will indicate the pumping 
efficiency ” of each cylinder. The reading will vary with the position of the 
pistons — in other words, it will be proportional to the compression ratio. 

In making this test we are concerned with getting an indication of 
any abnormal leaks in the engine, i.e. leaks past valves or piston rings. 
Eirst of all we completely close the carburettor hutterfly. Any other 
source of air leak into the induction system then becomes illegitimate 
(excluding cert ain cases where the design of the engine allows of leaks, such 
as drain pipes). 

The vacuum reading which will be obtained will depend upon tempera- 
ture, the compression ratio of the engine, and the existence of any illegi- 
timate air leaks wdrich may exist. The temperature can be rendered more 
or less constant if we test all engines hot. The compression ratio is known. 
We are therefore left with the unknown quantity of air leaks for any 
given speed. 

If we were testing a single cylinder, the vacuum gauge w'ould, when 
the suction stroke had ceased, drop to zero. In testing a multi-cylinder, 
how^ever, we have another suction stroke which commences as the first is 
finishing. The vacuum reading wdll, therefore, be maintained constant 
if the suction force of the second cylinder and of succeeding cylinders is 
equal to the first. Therefore, when testing a multi-cylinder engine turned 
over by the starter, the vacuum needle can remain steady only if the 
successive suction strokes are equal, that is if all cylinders are uniform in 
their absence from illegitimate air leaks. If we had such an illegitimate 
air leak in the induction manifold, it would he common to all cylinders. 
Therefore the vacuum reading would be lower than normal, but wmidd 
remain steady. If, however, any one or more cylinders had leaky valves, 
then the effect of this leak would be apparent only wdien the suction of 
that particular cylinder or cylinders wus being measured ; the result v'oulcl 
be a momentary drop in vacuum — in other words, an irregular reading. 

In using the vacuum gauge in this way, therefore, we are able to get an 
indication both of valve troubles which will cause an irregular reading, 
and air leaks in the induction system which will cause a low and steady 
reading. 

DETECTING ENGINE FAULTS WITH THE USE OF THE VACUUM 

GAUGE 

In the hands of a skilled operator the vacuum gauge provides a reliable 
and accurate method of diagnosing the engine for both mechanical faults 
and ignition and carburation troubles. The test should he carried out 
systematically, in the following order ; 
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AUTOMATIC QPl^kttS WEftE 



Fif/.l'l. — Starter va.cul:m Fig. 13. — Kormai vacuum Fig. 14. — AvTOiiATic ai>- 

VA?rCE A^'^:» RETARD 

VACUUM-GAUGE READINGS 

1. Starter Vacuum Test (Fig. 12) 

The engine- does not run for this test, bid if is essential that it he hot. 

If the car is fitted with Startix, disconnect wires so that the unit is 
inoperative. If the car is fitted with auto-elect lic choke connected to the 
starting switch, this choke must be disconnected. Close the vacuum- 
gauge damper valve almost completely, and close the car throttle com- 
pleteW (no choke). Then run the engine by operating the starter for 
about 15 secs. If the vacnum-gange reading is 15 in. or over, there is no 
leakage. If the reading is less than 15 in., cheek the inlet manifold and 
exhaust gaskets carefully. If there is no sign of a fault, loosen off the 
carburettor and insert a piece of cardboard or ‘'hallite between the 
carburettor and the intake manifold and tighten up. Then make a fur- 
ther test by operating the starter. If the reading is slight ly higher than 
before, the carburettor is in order, but if there is a big increase it indicates 
carburettor leakage. If there is no increase at all. it indicates bad valve 
or manifold condition. It is wise to make the necessary adjustments 
before further checks are proceeded with. 

2. Check Engine Vacuum (Fig. 13) 

Having run the engine until it has reached normal temperature, set 
the throttle at a speed equivalent to etbout 10 ni.p.h. Xote the reading 
on the gauge. A modern liigh- compression engine in good condition 
slioiild give an average vacuum reading of 18-22 in. The readings will 
vary slightly with the number of cylinders, and will also be affected by 
altitude as follows : 


Kngme 

Sca-ki'cl to 
1,000//. 

1,000 to 
2,000//. 

2,000 to 

3,0oo to 

4.< )IM> jt. 

4,0(10 to 

Four T^’liiKier.s 

Six cylinders 

Eight cylinders 

1 S to 20 

ID to 21 

20 to 22 

17 to 11) 

JS to 20 

19 to 21 

hi to IS 

17 to 11) 

IS to 2U 

io tu 17 

10 to IS 

17 to 10 

1 4 to 1 )» 
1,') to 1 7 
1 U to 1 8 
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Low- compression engines may giwe lower readings than the above, 
say 15—18 in. When testing four-cylinder engines, pulsating readings 
may be experienced, but these pulsations can be damped down by using 
the damper valve on the engine test. This damper valve is not required 
for six, eight- and twelve- cylinder engines. 

On some test sets damper valves are not fitted, making it necessary to 
pinch the rubber hose in order to smooth out the pulsations. The pro- 
vision of a damper valve on the equipment is a valuable refinement of 
design, and a much more positiv’-e and easy method of obtaining smooth 
readings. 

The operator should not be confused if he fi.nds the needle of the 
vacuum gauge going back and forth without indicating any definite con- 
dition — this simply means that troubles exist — probably a number of 
troubles which combine to give a peculiar reading. These troubles can 
be eliminated by further tests. 

3. Check for Balanced Running 

This test indicates the performance of each cylinder. For smooth 
running it is essential that every cylinder develops its full powers and is 
free from faults or irregularities. 

Short-circuit the sparking plug on each cylinder in turn with a screw- 
driver. Note very carefully the change in the vacuum reading. Each 
cylinder should give an equal drop in vacuum, which may be from in. to 
2 in. The actual value of the vacuum drop is not so important as seeing 
whether the drop is uniform. Any cylinder which gives a lov-er vacuum 
drop than normal is probably faulty. A compression test will assist in 
locating the trouble. 

If a very low drop of, say, less than J in. is obtained on all cylinders, 
this should not he accepted as satisfactory. It suggests an inefficient 
engine. If the drop is, say, l A- in. on three c^dinders, and only | in. on the 
fourth cylinder, then the latter cylinder is definitely faulty. The trouble 
niav^ be due to — 

(1) A faulty plug. 

(2) Faulty piston or cylinder. 

(3) Fault}" valves or valve gear. 

(4) Faulty ta})pet adjustment. 

(5) Leaking cylinder-head gaskets. 

(b) Plugs not screwed down. 

If there is a small drop on all cylinders, this may be due to — 

(1) Ignition trouble on high-tension side. 

(2) Faulty inlet uuuiifold. 

(3) Back pressure, i.e. choked silencer. 

(4) Leaky carburettor. 
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Fig, 15. — Exhaust SYSTEM Fig. lO.— Am Leaks Ffth 17.— Leaky (.asket 

DETECTIJfG FAULTS WITH THE VACUUM GAUGE 


4. Automatic Advance and Retard (Fig. 14) 

This test is more satisjactorily rnade ivith a laboraiorif sifncroscope as 
f fiecl to coriipletp. engine analysers, but an approximate indimfhn can be 
obtamed with the. vacuum gauge, as follows : 

Rev. up the engine to a speed equivalent to about 30-40 m.p.h. 
The vacuum needle reading should drop bach to a figure of about 4-5 in. 
Note the behaviour of the needle as it falls back. If the ear is fitted vdth 
automatic advance and retard, when the automatic advance operates 
there should be an improvement in engine performance. This improve- 
ment should be indicated by a momentary increase in the vaeuuni read- 
ing ; thus, if the operation of automatic advance and retard is satistaetory, 
the reading will commence to drop back, after a point will increase, and 
then will fall hack to its lowest reading. 

5. Check Exhaust System (Fig. 15) 

This test can he made at the same time as the elieck for automatic 
advance and retard. The vacuiini needle, as tlie engine is revved up, 
will hav'e dropped back to a low reading. When the throttle is released 
the needle sliould spring back quickly. If the return of the needle is 
sluggish, it is an indication of a choked e.vhaiist system, i.e. choked silencer 
or damaged exhaust pipe, and the exhaust system should be inspected 
and the fault corrected. 

6. Air Leaks in Intake System (Fig. 16) 

This test is made witli the engine running at idling speed. The test 
checks for leaks in the intake system, e.g. the inlet manifold gasket, 
carburettor, carburettor gasket, vacuum windscreen wi{)ers. and tubing 
ignition control, auto-starting device, vacuum brakes, etc. The existence 
of a leak will be indicated by a reading 3-S in. lower than normal and 
quite steady, but with a tendency to drop further, depending on the speed, 
the heat of the engine, and the amount of the leakage. 
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7. Leaky Cylinder-head Gasket (Fig. 17) 

This be indicated if the needle drops sharply from its maximum 
reading to 10 in. or lower and returns quickly to maximum. If the leak is 
between two adjacent cylinders, the drop will be much greater ; a more 
positive test of this fault is by the compression check (No. 7). 

8. Sticking Valves (Fig. 18) 

The vacuum-gauge reading will drop intermittently two to five divi- 
sions. Sticking valves can be distinguished from leaking valves, as with 
the former the drop is intermittent, since it occurs only ivhen the valves 
stick. Some manufacturers advise reaming of valve guides to lemov^e 
gum deposit, which may cause this trouble. 

The existence of sticking valves can be proved to the motorist 
by the application of a small quantity of penetrating oil. If this tempor- 
arily remedies the condition, it proves the need for valve reconditioning. 

9. Burned or Leaky Valves (Fig. 19) 

The vacuum-gauge reading will drop one or more inches from maxi- 
mum. If only one valve leaks, the drop will be slow and at regular inter- 
vals, as this valve attempts to close. If more than one valve is faulty, the 
action will be much more frequent. If valve clearance is not uniform, the 
condition will be similar to burned valves. A reading below normal maxi- 
mum can also indicate tappets which are evenly adjusted but have 
clearance which is less than standard. 

10. Late Valve Timing (Fig. 20) 

The main indication of late valve timing is labouring of the engine and 
overheating. Late v^alve timing will result in a gauge I’eading fluctuat- 
ing between 5 in. and 10 in. 

11. Weak Valve Springs (Fig. 21) 

A positive indication of w^eak or broken valve springs will be given by 
the vacuum gauge. The speed of the engine should be steadily increased 




Fig. 18. — Stickfnc^ talve.s Fig, 19. — Leaky^ valves Fig. 20. — Late valve tlmivg 
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DETECTINfG FAULTS WITH THE VACUUM GAUGE 

up to the highest speed at Avhicdi it can he run ^vitlioiit a load. If the 
vacuum reading fluctuates very rapidly between 10 in. and about 24. in., 
and the speed of the fluctuations increased with the speed of the engine, 
it is a definite indication of the existence of w’eak valve springs. 

12. Late Ignition Timing (Fig. 22) 

If the vacuum-gauge needle reniains 2-3 in. below normal and the 
needle is almost stationary with the spark fully advanced, and if the engine 
labours, the ignition is late. The same condition can also indicate slightly 
late valve timing. To prove, check ignition timing as for Check 4. 

13. Leaky Piston Rings (Fig. 23) 

The compression check provides an indication of piston-ring leakage, 
but it is advisable to check this jioint Avhilst tlie vacuum-gauge tests are 
being made. 

The engine should be run at idling s[)ced and the throttle quickly 
opened to its full-open ijosition. the engine being allowed to speed up to 
the highest point at which it can safely run. Tfu ihrotiU should bt dosed 
quickhj, and if the reading jumps immediately to 5 in. or more above the 
normal idle vacuum reading, the piston ring.s are in good c-ondition, A 
rise less than 5 in. Avill indicate loss of compression. This may be due to a 
worn bore or leaking piston rings, hut before eondeinniiig the rings or 
recommending any work a test should be made by the com|)ression check. 

It is important to a])]ueciate that the crankcase should he in good 
condition for this test, as a diluted or poor-ciuality oil will ^^ometimes 
indicate loss of cc)ni])ression Avliich does not actually exist. 

14. General Ignition Tests (Fig. 24) 

Sparkplug gaps which avo defective, or impia)perly spai-ed. contact- 
breaker j)oints which are l)iu‘ned or incorrectly spac-ed. weak ignition 
coils, leaking ignition cables, or I’orroded distributor caps will oaiise an 
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Fig, 24. — General igni- 
tion TEST 


excessive vibration or chattering of the vacuum- 
gauge needle at approximately 1 in. above or 
below normal. High voltage can also indirectly 
cause this trouble because of its effect upon 
ignition. In the hands of a skilled operator the 
vacuum gauge provides a guide to the possible 
existence of ignition troubles and assists him 
in judging the necessity for determination of 
the exact point of the ignition trouble, which 
can only be carried out by the ignition- test 
facilities provided by the equipment being used. 



CAR ELECTRICAL ACCESSORIES 

By JOHK L. P. PlNKSEr, M.S.A.E.E. 

C AR electrical accessories are increased in number every year. 
Some are lii:suries, ^virile others become useful essentials a fending 
easier and safer driving. 

WIl^DSCREEN DEFROSTERS 

The windscreen defroster promotes safety during winter driving, as its 
purpose is to prevent snow' from freezing on to tlie windscreen. It is also 
a kelp to the screen wiper, since it allow's the squeegee arm to wipe away 
the snow' with ease and so lessens the strain on this unit. 

Resistance Elements 

Most defrosters w^ork on the same principle, that is, the heating of 
resistance w'ire hy passing a current through it from the car's battery. 
The heat dissipated from the resistance wire is allowed to warm up part 
of the windscreen so as to prevent snow sticking to it by freezing. 

Construction of Defroster 

One type consists of a metal box of about 1 ft. long l)y '2 in. wide and 
.] in. thick, with one side open. Inside the box are st ret died twn lengths 
of resistance w'ire, connected in series and insulated from the box. 

The voltage of the car's system determines the thickness of the wire 
used. This type of defroster is made to fit on to the bottom screen rail, 
so that the heat will rise up the windscreen. 



Fill. 1.- W^INDSCREENT 1 

The -wiiuiscreeii side of a defrost t'r, showing: tho two leiigtlis ot ivsistaiu-t* wiro. Tlw’ 
(lefi'oster is fixed to the screen by means of the two rubber siic-kei*s. Tlie two lengtiis ot 
resistance wire are in series when the i^witeh is on, aiKlvrhen in the " oft pcsition t he series 
eoiinection is epen-cirenited. 
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BRASS 



Fig, 2. — This shows the xayoL'T of a depjrostbh which 

SPAMS THE FULL LENGTH OF THE SCREEN 

Each sliding switch selects from one to three elements on its 
half of the defroster. The switch bar has holes drilled through 
it. The number of holes shc>wiiig corresponds to the number of 
elements switchet.l on. Behind each switch bar is a small 
lamp which shines a light through the holes. A sheet of glass 
is fitted over the defroster to protec't the elements and also to 
deflect the heat on to the screen. The heavy weight of this 
defroster is supported hiy clamps in addition to rubber suckers. 


A Larger-type 
Defroster 

model 

is made up from 
a light metal oblong 
frame of approxi- 
mately 1 ft. by 9 in. 
Across tlie frame, 
but insulated by 
mica sheets, are 
stretched four 
lengths of resist- 
ance wire of a 
thicker gauge than 
the prexTons type, 
since there is about 
twice the length 
used. All the four 
lengths of ^Fire 
are connected in 
series. 

The frame is 
attached to the 
windscreen by 
means of four rub- 
ber suckers. 


Selector Switch 

A more refined type of defroster has a selector switch fitted in the 
framework so that one or more of the resistance whre lengths can be 
switched in or out of circuit. In this case, the wire used is of a finer 
gauge, so that each length is suitable for the xoltage of the accumulator. 


Indicating Device 

An added improvement is an indicator, which tells at a glance the 
number of wire elements in circuit. This indicator is very sini jile. The 
sliding switch is painted wAite, and drilled in the framework are four holes, 
so that if there are. sa\\ two elements switched on, tliere will be two of the 
holes showing white. 


Precautions to be Taken 

It is important that the defroster is not switched on whilst the oar is 
stationary, otherwise clainage to the windscreeii may occur through over- 
heating, since there will be no cooling wind on the windscreen. It should 
therefore be eonneeted in the ignition circuit, so that it cannot he left on 
by accident. 
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Glycerine to be Used 

If trouble is e:xperi0iicecl by the Eilliiig off of tiie defroster or. for tliat 
matter, any other component fixed by means of rubber suckers, the 
trouble can be cured by using glycerine instead of w'ater for sticking the 
suckers, as glycerine ensures an airtight joint and it does not dry ii]) in 
the same y'ay as Arater. 

Burnt-out Resistances 

Since defrosters work at a low temperature, there is no ])Ossihility 
of the resistance wire burning out, but in time the wire becomes more or 
less brittle and, if roughly handled, it is likely to break. To repair t he 
break by twdsting the broken ends together is both unsightly and un- 
satisfactory. The best remedy is to replace the entke defroster or send 
it back to the makers for repair, since to replace the resistance whe would 
require a knowledge of the grade of wire used, and this varies with different 
makers, although if this information can be obtained, it is a simple matter 
to replace the old wire with new of the same gauge. 

Faulty Switch Contacts 

In the type of defroster having a selector switch, the tension of the 
wiping contact blade must be snffieieiit to maintain a good contact with 
the studs, otherwise these will become pitted by the sparking that would 
take place. 

Cleaning the Contacts 

These contacts should he cleaned occasionally if they are accessible 
by means of sandpaper or carbuTundum cloth, but wdien they are in an 
out-of-the-way place, they should he cleaned by c)j>erating tlie sliding 
contact a few times. 


ELECTRIC CLOCKS 

A useful accessory for the dashbi^ard is a dork; but how often is it 
found in working order V i\Iore often than not the main s[)riiig is either 
run down or else it is broken. A clock whidi requires no attention over- 
comes most of these troubles, and such a dock can operated either by a 
se])arate dry battery or from the car's battery. 

Operation of Clock 

These clocks work by im])ulses given by means oi an elect ixmitignet. 
When two contacts come together, ciiri’cnt passes through tlie winding 
of the electromagnet and draws rip a soft -iron armature. Liiilmd to the 
armature is a ratchet wliidi gives a ])art rotation to a toothed wheel, 
wliich o])erates the hour and minute hands of the clock. Tiie armature 
is then ])rdled back by a spring, ready for its next upward nu)veinent. 
These movement.s take j.)lace at regular intervals of a tew seconds. 
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Clock Circuit 

Needless to say, the circuit connecting the clock movement must be 
directly from the accumulator so that there is no possibility of having a 
switch ill the circuit, otherwise the clock will show the wrong time. Such 
a connection can be obtained from the auxiliary fuses in the distribu tion 
box. 

Test for Current Supply 

If for any reason the clock refuses to operate, the first obvious test is 
to ascertain wLetber current is available up to the clock terminal and, if 
this is the case, then it will be necessary to remove the clock from the 
dashboard for a closer inspection. 

Cleanliness Essential 

Great care is necessary to make sure that dirt is kept away from the 
delicate internal mechanism, and for this reason the clock must not be 
opened ont on the same bench as other components, such as dynamos 
and motors, are repaired. 

Probable Faults 

When the back of the clock is removed, the movement can be 
inspected and any obvious faults, such as a broken return spring, can be 
seen. The internal circuit is easily traced and can be tested out in the 
usual manner by means of a test-lamp or voltmeter. This test should 
verify w^hether the circuit of the electro -magnet coils is complete. The 
smallest spot of dirt on the contact faces is enough to prevent current 
passing to the magnet coils, hut this trouble should not occur, since the 
movement is completely shrouded with the outer casing. 

Stiffness of Parts 

The drying up of the moving parts will impose enough friction to cause 
sluggish working or even to prevent the clock operating. This friction 
can be minimised by oiling the working parts. 

The parts working face to face shonld be very slightly oiled with watch, 
oil and not by any other, otherwise the trouble will be intensified. 
The oil should be applied by means of a sharp-pointed match-stick and 
not hy an oil- can. 


BATTERY CHARGERS 

Although trickle chargei-s are not fitted direct to cars, they can be 
classed as an accessory, and a very useful one. They are made to deliver 
an output of 1 ampere at either h or 12 volts, and are invariably of tiie 
metal-recti her type. 
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The charger is fixed permanently to the ^val] of the garage, and a twin 
flexible lead connects the charger to a special non -reversible socket fitted 
on the car’s dashboard. The socket is connected to the positive and the 
negative accumulator terminals on the sM'itchboard. 

An all-night cliarge at 1 ampere is sufficient to liven up the battery 
to such an extent as to ensure eas^^ and certain starting in the morning. 

Do not Overload 

It is important not to overload the rectifier by charging a 6-volt 
battery from the 12 -volt tapping of the cdiarger, otherwise the heat de- 
veloped on the plates of the rectifier Avili destroj^ them in such a way that 
the output will be alternating current instead of direct current . Generally , 
there is a fixed resistance inside the charger to limit the output to 1 ampere 
when charging a 6-volt battery, and if the car is changed at any time to 
one having a 12- volt system, then it will be necessary to short out this 
resistance to obtain the 1 -ampere output. 

ELECTRIC CAR-WARMERS 

An electric car-warnier provides comfort for the driver and the pas- 
sengers of the car. 

If the heating current is taken from the ear s battery, the heavy dis- 
charge would soon exhaust it. The only practical proposition is to 
have a portable electric heater which can be connected to the electric 
supply in the home or garage, and when the heater is sufficiently hot to 
transfer it to the car. In this way, the stored-uj) heat is capable of supply- 
ing w^armth fora considerable period. 

Hat-water Radiator 

A most satisfactory method of providing warmth to the interior of the 
car is by utilising the heat that has been transferred from the car's 
engine to the w'ater in the radiator. This is achieved witliout interfering 
with the efficiency^ of the cooling system of the car. 

Parallel Connected 

The way by which this is done is to fit a small radiator between the 
footboards and the windscreen and to connect the two ends of the radiator 
coil to the top and bottom of the car's radiator, that is, in parallel with it. 

Electric Fan 

Fixed in the small radiator is an electric fan operated from the ear's 
accumulator, so that the heat surrounding the radiator coils is blown 
forward. 

The current taken by the fan is very small, being a|)proximately one 
amp. A switch in the circuit controls the fan so that it can be switched 
off when the car is parked. 
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ELECTRIC CAR-HEATERS 

Electric car-heaters are also used to keex:> the engine and radiator Ararni 
during cold nights, to prevent freezing of the water, and to enable the 
engine to be started up in the morning with ease. 

Voltage of Heater 

Such beaters can be supplied to \vork off the car’s battery, and also 
from the electric supply up to 250 volts. 

When possible, it is preferable to use the high voltage, since the current 
consumed at 12 volts is about 4 amperes, and so great a discharge from 
the accumulator during the night would discharge it to such an extent 
as to make the starter -mot or sluggish in the morning. 

These heaters are totally enclosed, to prevent any possibility of fire 
risks , and in the high-voltage type, the element is wound for a consumption 
of IQO watts . 


Hot-water Circulator 

A more elaborate type of heater is fixed in the water system and the 
heater connected to the electricity supply. The heat generated causes the 
water to circulate through the system. 

PREVENTING SCALE AND “FUR” IN COOLING SYSTEM 

It is well knoAvn that tap Avater leaves a deposit of fur in the water- 
cooling system, and if this becomes excessive the cooling action diminishes 
and the engine will run too hot. 

Soft Water 

One Avay to overcome tliis is to use Avater which lias l)een softened by 
passing it through chemicals, but this is not alw'ays possible, especially 
Avhen filling up at the Avuyside. 


An Automatic Device 

The scale- and ‘ 'fur "-funning properties of hard Acater can he over- 
come by the Scale Buoy automatic deAuce, 
which consists of a glass bulb containing 
a small quantity of mercury and inert 
gases. Wlieii the bull) is agitated in 
water small charges of static electricity 
are ])roduced. The mineral salts in the 
water aie ])olarised and prevented from 
depositing themselves as hard scale or fur. 
This device lias been a{.)plied siiccessfiilly 
both to domestie and iuclustrial hot-Avater 
Fig. BrcY irKviri: Steam ])lants, and there is a smaller 

FITTED i^^Tu RADIATOR HOSE uiiit for US© ill tlic cooliiig systcius of 
{Scale Buoys, Ltd.) lliotor-cars. 
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Tlie sketch on 
page 240 (Fig. 3) 
shows the Scale 
Buoy fitted into 
the radiator con- 
nect ing hose. The 
motion of the car 
and the circulation 
of the Avater are 
sufficient to ensure 
that the polarising 
action is c o ii - 
tiiinous. 

W hen the 
device is agitated 
in the crater, it 
does not rid the 
Avater of its solids. 

The chalk and lime 
converted into 
another form does not leave a deposit on the sides of the water jacket but 
are kept circulating with the water. 

Solids left in System 

When evaporation takes place, it is only the water which evaporates 
and not the solids, so that in time a sludge Avill be left at the lowest point 
in the system. The amount of sludge will be so shght that there will be 
no necessity to remove it excepting after a very long period. If desired, 
it can be removed by opening the drain plug at the bottom of the radia- 
tor and swilling out the water system by means of a hose pipe. 

ELECTRIC CIGAR LIGHTERS 

Another luxury accessory is the electric cigar lighter, which enables 
tlie driver to indulge in a smoke with safety, as with this device only one 
hand is required for lighting the cigar or cigarette. 

Three Main Parts 

The lighter consists of three parts, namely : the base with its push- 
button, the heating element, and the element holder. The base is lixed 
to the dashbc:)ard and is connected up to the accumulator su|){)ly. The 
element holder is a moulding of hakelitc which is easily s]ip[>ed into 
the base. 

Tile clement is a flat strip nickel-chroiue resistance spiral suitably 
insulated between turns, and the element is screwed into tlie liollow' top 
of t he holder. 



Fi ( j . 4:. — Cigar lighter 

This shows a type which is aiitoniatically switc-hetl on by 
inserting the cigar or cigarette. The cigar lifts up a metal trap 
which then makes contact with a strip extension of one end of 
the element. The other end of the element is connected to the 
terminal seen on the left. 


M.R.O. IV. — 15 
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Operation of Lighter 

A fev^ moments with the ])\ish-l)utton j)re8sed is sufficient to bring the 
resistance element to a red glow. The ])iish -button is tlien released and 
the holder with its element can be slipped out of the base and used for 
lighting-up purposes. 

Size of Cable 

When fitting any of these accessories, it is im portant to use connecting 
cable of sufficient size to carry the ciiiTeiit, otherwise voltage drop will 
prevent the component operating in its pro])er inaiiner. Also, the use 
of too thin a cable will cause it to heat up, and this will soon perish the 
rubber. 

Burnt- out Element 

These lighters take approximately 8 amps, when switched on, and if 
left on for longer than necessary to bring the resistance element to a red 
glow, it wdll be burnt out. There is no remedy but to replace the element 
with a new one. This is simply a matter of removing the old element and 
fitting the new one in its place by means of a screw through its centre. 

Another type of element is fitted on a M.E.S. cap, wffiich is screwed into 
the holder in the same w’-ay as a flash -lamp bulb. 

Some cigar lighters have a glass bulTs-eye in front of the element. 
As this gets dirty, the operator cannot gauge the intensity of the glow, 
hence bnrnt-out elements. The bull’s-eye is not easy to clean and is 
better removed. It is really a matter of gauging the time required to 
get hot enough, especially as the driver’s eyes should be on the road and 
not watching the lighter. 

Bad Contact 

When the ‘‘ wireless ” type of lighter is dropped into its holder, the 
centre screw of the element makes contact with a brass strip on the holder, 
and in time this strip is bent too far back and so prevents good contact 
being made. To ensure good contact being made between the two 
components, it is necessary at times to bend the strip forward- 



THE CARE AND REPAIR OF SUCTION- 
OPERATED FUEL-FEED TANKS 

By E. W. KNOTT, M.I.-A.E. 

I IST the British Isles, the best-known deriee of this tYjie has been 
marketed for many years under the name “ AiitoTae,"' and in spite of 
the competition due to mechanical and electrical piiin])s, large numbers 
are still in use, particularly on commercial vehicles. 

On the Continent and in America, similar devices have been used, 
the main difference being that the Continental models inyariably had 
much larger fuel-feed chambers, to avoid tlie drying-up of the fuel feed 
to the carburettor due to long spells of full throttle driving where the 
induction pipe suction was too low to lift the fuel from the tank to tlie 
inner chamber of the vacuum tank. 

The Autovac has already been brieflj^ described under the section 
entitled Fuel Bumps, ’’ and this article proposes to go more closely into 
its repair and servicing. 

Provided the top filter gauze is periodically cleaned and the drain 
tap at the bottom of the tank opened, the Autovac should have many 
tens of thousands of miles quite trouble free. 

Stripping the Autovac 

There is no need to remove the complete instrument from the vehicle, 
as the essential parts come aAvay c()m])lete when the top tiange is loosened. 
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To do this, imdo the 
union nut of the main 
petrol-supply connection 
as well as the union iiut 
of the induction-pipe 
connection 5 and spring 
the coned end of the pipes 
clear of the union elbows. 
Next undo the nut in the 
centre of the top cover 
and remove the three - 
eared clamping plate. It 
is always better to do 
this before removing the 
top cover. 

An adj ustahle spanner 
can then he used to grip 
the two elbow^s, and by 
giving them a slight twist 
they will be loosened in 
their coned seatings and 
can he lifted out. If 
wished, the air vent plug 
can also be removed with 
a pair of pliers . All three 
should be cleaned with 

ri,J. 2.-THI Ax-TOTAC.^^SHOWINO INTEKKAL COK- 

put in a clean receptacle. 

Next take out all the round-headed screws on the top of the Autovac, 
and the cover complete with the float and valve mechanism can be lifted 
off. Bet "ween the outer chamber and the top cover is an airtight joint 
Avasher of the Langitetype, and great care must be taken not to break it. 
If the cover has not been removed for some time, there may be a tendency 
for the lid to stick in such a way that part of the joint washer will stick 
to the lid and part to the onter chamber, and a thin knife blade must be 
used to ease the joint until the cover comes away. It is not necessary, 
in fact undesirable, to separate tlie joint completely from both faces unless 
it is proposed to fit a new one. 

Move the float up and down to see whether the change-over valve 
mechanism operates in a free and crisp fashion. If any pins are badly 
worn they should he replaced by new ones and the same applies to the 
valves, but they have an exceptionally long life. Wash free from all 
grit and check correct fit of valves by blowing into the induction-pipe 
connection boss wiiilst moving the float up and down for its full move- 
ment. With the float pushed up it should not be possible to blow air 





pa,st tlie valve except when the valve is 
pulled down. 

Open the drain tap at the bottom of 
the outer container. The amount of water, 
dirt, etc,, which collects even in a short time 
is astonishing, and if the tap has been 
neglected for some weeks of running, it 
may be necessary to elear it with a piece 
of wire. The inner chamber also rests on 
an airtight joint, and similar precautions 
regarding its damage must be taken as 
w'hen removing the top cov^er. The drop 
valve at the bottom of the inner chamber 



Fig, 3.— PiLTER IN THE .VUTOVAC 

This will be foand in the elbow 
of the Autovac that leads to the 
main petrol tank. Care must be 
tateii to replace the tilter gauze 
as shown. 


should be quite free in action, and with the inner chamber empty should 
rest lightly on its seat. If the valve face is dirty or corroded, it should 
be carefully scraped clean, as on the fit of this valve in its “closed" 
position depends the good action of the Autovac. 


Filter 

When the main petrol connection elbow’ is xenioved, a conical gauze 
filter is exposed. This should be carefully lifted out and all dirt, fluff, 
etc., removed before replacing it. It is essential that the pointed end of 
the cone is on top, and it is advisable to clean this filter every three or 
four weeks. 


Replacing the Cover 

When replacing the cov’er, see that it is returned to its original 
position, i.e. with the air port corresponding witli the hole leading to the 
outer chamber. This will also ensure that the elbows when replaced AviLl 
be in correct relation to their respective pipes. 

Having screwed all the screws down evenly and firmly, place the 
elbows and air vent in their cone seatings, push in the ends of the pi])es, 
and tighten up the union nuts finger tight. The clamping bar can then 
be replaced and its nut lightly tightened down. Each elbow and the air 
vent should then be given a tap with a light hammer to fix it hrmly in 
its seat. The clamping bar should then be properly tightened and finally 
both union nuts. 

The Autovac is now’ ready for use, but if the outer chamber is quite 
einptx’, it is necessary to get some petrol into it before the engine will 
continue to run, even if there is enough left in the carburettor float - 
chamber to start it. To save using a ])ossibly partly run-down battery, 
or the starting handle, it is advisable to ])ut a teacu[>ful of petrol in the 
outer chamber before putting on the to]) cover. If at any other time the 
Autovac runs dry, petrol can he poured into it after removing the elbow 
connected to the induction system, otherwise the Autovac can be primed 
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by keeping the throttle shut 
and tuiniiig the engine over a 
few times until suction has 
lifted enough petrol to till the 
inner chamber to a height 
where the float operates the 
valve gear and the petrol passes 
to the outer feed chamber. It 
is important that periodic in- 
spection is made of the vent 
plug, the filter and the air vent 
in the main fuel supply tank, as 
well as the airtightness of the 
2 )etrol and air lines and joints. 

The float is of special 
constrnction in that it has a 
drain hole so located that in the 
event of fuel finding its way 
Fig. 4 . — The Autova.c iviountejd iiiside, the fuel is automatically 

DA.SHBOARD exiiausted when the valve gear 

'‘trips’’ to place the inner 

container in connection with the suction in the induction system. 

There is on the market a suction intensifier in the form of a small 
venturi- shaped injector device. Air is drawn through it by the connecting 
pipe to the induction system, the throat of the venturi being connected 
to the Auto vac. By this means, the suction on the Autovac is maintained to 
a satisfactory extent, although long periods of full-throttle running exist. 
As this device gives a continuous air leak into the induction system, 
it may cause the idling speed of the engine to increase. The slow-running 
adjusting screw at the throttle will therefore require to be altered and 
possibly the mixture adjusting screw also. 




CAR-WASHING AND WATER 
RECLAMATION PLANT 

£lf J. ROSE 



Fig. 1,— A MODER-N CAR-WASHI^'G TLOOR 

Note tlie grill flooring, allowing both water and mud to drain away immediately. The 
water is used again aftei* cleansing. The plant is deseribedin the following article. {By 
c<)}{rfeh‘g of the Car Mart, Ltd.) 

I ]Nr the past the washing of cars lias heen regarded many as one of 
those necessary evils, but it is now becoming increasingly realised 
that a thoroughly cleaned car after repair is the sure Avay to increasing 
future business. 

To further this end several different types of car-washing systems have 
been evolved, with the main object of producing the right results by the 
most economical methods. 

An Actual Plant 

Perhaps one of the most interesting of these systems is that installed 
by a large London service statiom which inc*or|)orates a most ingenious 
scheme for reclaiming all used water, thus allowing the same water to be 
used again and again with a very hig reduction in operating costs. The 

^47 
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Fi ( j . 2.— The layout oe this pump and filter plant 
The filter tanks are on the right. The necessary power washing pressure is supplied 
by means of the two electric motor-driven pumps on the left. 


actual wash itself incorporates all that is best in modern practice, and 
coyers an area of 38 ft. by 50 ft., enabling at least six cars to he cleaned 
at the same time without congestion. 

Lighting, Cleanliness, and Efficiency 

The surrounding w^alls are tiled to a height of 7 ft., thus allowing all 
cleaning to be carried out with the greatest of ease, -wiiicli is so essential 
in these days when, customers are inclined to associate, quite rightly, 
cleanliness with efficiency. Affixed to the walls, at a distance of C ft. 
apart and 3 ft. high, are large-power lamps designed to throw the maxi- 
mum of light under the chassis, with the result that the operator has at all 
times a completely clear view of his work. These lights, coupled with 
large lamps spaced evenly overhead, enable car washing to be carried out 
always with the utmost efficiency. 

The Water Supply 

The power water supply is conveyed through Laycock overhead swing 
arms, which possess the advantage of allowing the hose to swing round to 
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any part of the car Avithout trailing on the iloor, at the same time ]>er- 
inittingthe operators to literally hang the hoses u]) on theinselres by means 
of special fixings when not in use, and eoirseqnently saving great wear 
and tear, which is so often present when hoses are simply laid on the 
ground whilst the car is sponged down. 

The necessary power- washing pressure is supplied hy means of two 
Niagara washers, one of each being conpled to three hoses, enabling either 
of the two hanks of hoses to be used according to the \\'ork on hand. In 
addition to the power wash there are also hoses supplied by gravity feed, 
and wdiich are inainW used for sponging down. etc. 

Compressed-air Points 

There are also conipressed-air points at accessible positions, so that 
they may be used as and wdieii required, and although a comparatively 
small item, the installation of a small rubber -rollered mangle is of great 
assistance in wringing out leathers, etc. 

Drainage for Water and Mud 

The actual floor ” of the wash is covered by grill flooring, allowing 
both water and mud immediately to drain aw’ay, with the result that the 
old trouble of sediment being trampled into the car carpets is entirely 
eliminated. Underneath the grill flooring is literally’ a shallow pit, 
roughly 1 ft. deep, which is gently -graded from all parts to a common 
sump at one side of the wash. This sump is actually the first stage of the 
water reclamation, and is approximately 4 ft. long, 2 ft. wide, and 2 ft. 
6 ill. deep, and is sectioned hy means of a fine-inesh slide partition into 
tivo compartments, one being approximately twice as large as the other. 

This section, when removed, allows for easy’ access and cleaning, and 
is primarily used for arresting the progress of the heavy sludge, which is 
removed from time to time by means of a special shallow truck expressly’ 
designed for this purpose. 

Around the end of the sump which houses the small compart nient 
a raised lip has been made, to prevent the possibility of heavy sediment 
entering this section. 

Dirty -water Sump 

By means of the shaped concrete floor, all water and sediment are 
directed into the larger compartment, which permits the water above to 
filter into the smaller section through the mesh partition, the main sedi- 
ment then being trapped in the larger compartment. From the small 
compartment is taken a large suction-pipe, which delivers the dirty water 
into the actual cleaning plant. The operation of the pump controlling 
this suction-pipe is actuated by^ a float-operated switch, depending on the 
sum]) level to determine when it should come into opieration. This [posi- 
tion is pre-set and adjusted in such a manner that the sump will never 
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overflow ; at tlie same time there will also be sufficient water to 
keep the mud, etc., present in a reasonably fluid condition, tluis allowinrr 
for easy removal when necessary. 

It will thus he seen that an entirely automatic operation covers the 
supply of dirty water to the reclamation plant. 

Cleansing Tanks 

After leaving the sump, the water is raised, by means of a pump cap- 
able of delivering dirty water, to a series of cleansing tanks which are so 
designed as gradually to remove more sediment as each stage is passed. 

In the first tank the heavier particles and mud, in addition to most of 
the oily w-ater, are trapped in such a manner that they can he subsequent ly 
drawn off and disposed of, this operation being necessary approximately 
once per day, assuming that the wash is working to capacity all the time. 
From this tank the water jDasses into a mixing trough, where the addition 
of chemicals causes precipitation of the lighter sediment, which subse- 
quently discharges into the precipitation tank itself. Here the sludge 
formed by the combined action of the chemicals and dirt is allowed to 
settle out. The w^atei next fiow^s on to a sand filter, which ensures that 
grit or particles of solid matter cannot pass , thus obviating any possibility 
of foreign elements percolating to the pressure pumps. After being fil- 
tered through the sand, the water discharges into the reserve tank, in turn 
being pumped up to the header tank from which the necessary supply is 
drawn by the washing pressure pumps. 

Naturally with such large quantities of sediment passing continually 
through the plant, care must be taken to see that regular inspection and 
cleaning are carried out according to conditions present. 

Using the Water Over Again 

The water so cleaned, wRilst not presenting such a clear appearance 
as fresh tap-water, is in every way equivalent where the washing of 
cars is concerned. 

Thus it will be seen that a complete cycle has now been achieved, 
the 'water exuded hy the pressure hoses draining back to the sump and 
being reclaimed for farther use. 

The Avhole action of the reclamation plant is entirely automatic, all 
different cleansing operations being completely controlled by the tiow of 
water passing through the system. The plant thus shows a great saving 
in -water consumption, the same water being used continually with only a 
very small quantity of other water being needed as a make-up for small 
losses which are unavoidable. 

This fact is very interesting when it is realised that literally thousands 
of orallons of water are actuallv Avasted everv day bv iiuuinierahle 

O ^ t. ^ ^ 

concerns engaged in the washing of cars. 

As a matter of interest, one well-known service station in London tirst 
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installed this system to combat the restrictions imposed by the Water 
Board during the drought of 1934, and subsequently shoAv^ed such a 
considerable saving in operating costs that the plant was placed into 
permanent commission. 

Costs of Installation and Running 

The cost of installation of this plant is in the region of £750, inclusive 
of the power washers, swing arms, lighting, grill flooring, etc. As the 
depreciation of the equipment is practically nil, coupled with the fact that 
it is possible to deal with 8-10 cars if necessary per hour, the initial outlay 
is not quite so high as perhaps might at first be assumed. 

Does Car- washing Pa^' ? 

Doubts are sometimes expressed as to whether car- washing pays. 
That it does not pay is to a certain extent true where the washing of cars 
is spread over a low number during the whole day, but in a concern where 
the flow of car-washing is practically continuous, the financial results 
obtained are definitely satisfactory. 

Apart from the very definite psychological effect on customers who 
naturally become interested in this system on sight, there is a very definite 
saving on costs where the water supply is not dependent directly on the 
rateable value of the property. 

Whilst in the main the majority of large garages using water supplies 
for car- washing are only charged on the rateable value of the property, 
it is possible that with the increasing use of water for car- washing 
purposes, in due course the authorities responsible may consider charging 
on a gallonage basis over and above a certain amount, and we believe 
certain provincial authorities already adopt this method. 



AUTOMATIC IGNITION TIMING 

E. T. LAWSON HELilE 


T he deA^elopmeiit of full engine power and the maintenanee of 
inaximuni efficiency at all speeds and loads depend to a great 
extent on. accurate ignition timing according to the conditions 
of the moment. As the conditions constantly change, it is essential that 
the timing should vary in unison, the ideal sought after being the iiiain- 
tenance of the fullest degree of advance the engine will stand without 
pinking, labouring, or backfire when starting. 

Type of Petrol in Use and Ignition Timing 

The type of petrol in use also has a bearing on ignition timing, as some 
fuels have a different flame rate,” which means that at the instant of 
spark and primary ignition, a fraction of time is required for the flame to 
spread from the vicinity of the spark to the w^hole compressed body of 
gas ill the cylinder head before expansion takes place and resulting pres- 
sure on piston develops the power stroke. This fraction of time is almost 
immeasurably small, except in comparison with piston speed, when a 


Fig. 1 (below). — CoNS-iRucTioNr of 

MANL’AL ADT.ANCEl CONTROL; FOR 
COIL ICIN^mON DISTRIBVTOR 



I'iil. I A ((jr6ort ).--Thf 

FlXlN'Or SXri) MOL'NTINt; 

FOR MANl'ALLY Ot »N - 

TROLLED TIMINU 

The fixing stud re- 
tains the bracket and 
tlistributor body in posi- 
tion by means of a ligiit 
spring: and washer, wliiist 
ill lowing the whole as- 
stRuhly to move witliiii 
tlio limits of the sttip- 
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SLEEVE RETAINING 
SCREW 

SLOT TO LOCATE 
ROTOR 


SLEEVE 
CROSS PIECE 




FLYWEIGHT 

PIVOTS 


Fig. 2 a. {above). ~T 

VIEW OE AUTO-AD* 
VAUCE ACTIO U 

Showing positions of 
the two control springs. 


Fif/. 2 {left). — Details of 

CONSTBITCTION OF AUTO - 


sparL timed to occur, say, | in. before the top of the compression stroke 
in a fast engine at full speed, makes all the difference between sluggishness 
and efficient power, the early timing allowing the fuel to ignite and reach 
expansion coincidental with the commencement of ‘'firing^’ stroke. 
This accurate variation of timing is beyond the capacity of simple hand 
control, familiaronearly cars, and some form of automatic control — based 
on both engine speed and load — has now become largely standardised. 

Manual Variation of Timing 

Manual variation of timing of a coil ignition distributor is effected by 
movement of a bracket clamped to the barrel of the distributor body, the 
bracket having a lever extension wiiich is linked to the hand control. 
A special form of fixing stud passes through a slot in the bracket, entering 
a tapped hole in the engine casting, and retains the bracket and distributor 
body in position hj means of a light spring and washer, whilst allowing 
the whole assembly to move within the limits of the slot. Fig. 1 illu- 
strates the principles of construction. Tig. 1 a is a section of fixing-stnd 
mounting. 

Centrifugal Automatic Tinier 

Automatic timing variation according to engine speed is controlled by 
a system of centrifugal governing. Fig, 2 ilhistiutes the details of con- 
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struction. The main distributor spindle passes througli tlie barrel bush- 
ing into the upper body, where a, circular baseplate is secured to and 
rotates with it. The upper end of the spindle is of smaller diameter and 
enters a steel sleeve integral with the cam, the lower end of the sleeve 
being secured to a cross-piece fitted with hardened pegs, as shown. Two 
pivot pins are riveted into the baseplate, and on each of these a lead 
flyweight with inset steel pivot bush is located. Each flyweight also 
carries a steel peg on which a toggle hnk is fitted. The peg is extended 
through to the underside and finished with a pounded head, so that it 
supports the weight and allows each weight to move easily about its pivot . 
The toggle links have each four holes. The centre hole is occupied by the 
pivot peg. The end hole receives one of the two hardened pegs of the 
sleeve cross-piece, and the remaining two small holes are for spring 
coupling, that nearest the spindle being used. 

The whole assembly, as seen in plan, is shown in Tig. 2a, which also 
illustrates the positions of the two control springs not shown in Fig. 1 . 
Each of these has one end connected to the toggle link, the other being 
hooked to the anchor pin on the flyAV'eight-pivot bushing. Action of 
centrifugal control is as follow'S : 

Operation of Centrifugal Timer 

When starting and at low speed, the tension of the control springs keeps 
the flyweights in towards the centre, when the main spindle and cam- 
sleeve assembly rotate as one. Auto-timing of ignition is then in fully 
retarded position. Increase of speed or acceleration causes the flyweights 
to swing outwurds on their pivots, the movement being transmitted via 
the toggle pegs to the toggle links. Arrows A in Fig. 2a show the direc- 
tion of fly weight movement, and arrows Vindicate the resulting displace- 
ment of toggle links. These, being linked to the pegs of the cam-sleeve 
cross-piece, cannot move out bodily with the flyweights, hut turn about 
the centres of cross-piece pegs in the direction shown by arrows C. 

The toggle hnk, therefore, acts like a lever and expands the control 
spring attached to it, the restraining effect of which is imparted to the 
flyweight concerned. The lever effect of the toggle link moves the cross- 
piece peg tow^ards the flyw^eight pivot, this movement being in the direc- 
tion of rotation DR.,” so that the position of the cam sleeve is ad- 
vanced relatively to the main spindle. 

Flyweight movement and cam advance are therefore directly pro- 
portional, greater speed producing further timing advance. 

The Control Springs 

The control springs are the most important components of the whole 
design, as they are the deciding factor in the perforincinoe curve of any 
one type of distributor. In some models it will be found tiiat one .sjudiig 
is of light wire and is under slight tension when the ineohanisin is at rest. 
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so that its restraint is applied from starting speed. The other spring is of 
heavier section and has a slotted hook attachment, the effect of which is to 
delay its action until the flyweights have moved a few degrees against 
light spring tension. The second spring has then ‘‘ taken up the slack ” 
in its coupling, and its restraining tension is added to that of the first. 
The result of this arrangement is that a steep curve of advance is imparted 
at rising speeds up to a certain maximnm, after which further increases in 
speed produce a more gradual adv'ance of timing, due to the added 
restraint of both springs. 

Eliminating Stiffness in Control Mechanism 

Each type of distributor is fitted with control springs specially selected 
to suit the particular engine for which the distributor is intended, provid- 
ing a curve or speed-advance ratio to conform with the engine designer’s 
specification. Control springs axe not interchangeable, and they should 
not be altered, reset, or tampered with in any way. The commonest 
cause of trouble in auto-advance mechanisms is stiffness, due to lack of 
lubrication. The sleeve-retaining screw, normally recessed in the cam 
head, has sufficient clearance to allow oil to pass to the sleeve bore and 
spindle extension, hut if action is stiff and the engine shows signs of 
retarded ignition, the mechanism can be reached by removing distributor 
cap, H.T. rotor, retaining screws, and moulded contact-breaker base. 

Before removing the latter, note position of terminal relative to body. 
The flyweight action can be checked by gently prising the weights apart and 
outward with a pencil, noting that toggle links swing round and sleeve 
advances. When released, the action should immediately return to 
retarded position. Failure to do so should not be attributed to weak 
springs until friction has been eliminated. Take out sleeve-retaining 
screw (a felt oil-pad is sometimes fitted in the cam recess enclosing screw 
head), but before lifting off cam sleeve note position relative to baseplate 
or mark cross-piece and base to correspond. With sleeve removed, fly- 
weights, complete with toggle links and springs, can he lifted out. When 
all pivots, bushes, and wearing surfaces are clean and lubricated with 
light oil, assemble, seeing that pegs enter correct holes in toggles and that 
springs are hooked to “ inside ” holes in toggles. The outside holes are 
provided for use in distributors of opposite rotation. 

Timing according to Engine Load 

A further development of automatic timing control provides for 
correction according to engine load, su 2 )plementing control according to 
speed. For examjjle, a car travelling at liigli touring speed may encoun- 
ter a gradient, the added load of wliich will call for a greater throttle 
opening in order to maintain s]jeed. The normal, fully -advanced timing 
due to automatic control will, liowever, remain ].)roportional to speed, 
and the change in load may result in pre -ignition or pinking. 
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The inlet-manifold 
vacuum closely follows 
variations in throttle 
and load; and is used 
as the basis of auto- 
matic load control of 
timing. 

The Vacuum-Control 
Unit 

Tig. 3 illustrates 
constructional prin- 
ciples of vacuum-control unit. A vacuum chamber is connected 
via union and pipe-line to the inlet manifold. The two hanged faces 
formed by the vacuum chamber and bracket enclose a thin metallic 
diaphragm, sealing the chamber, and having an operating rod rigidly 
secured to its centre. Tbe bracket is mounted on the engine casting, 
and the control rod is attached to distributor timing lever. The spring- 
iness of the diaphragm retains the movement in a central position at 
rest. ■ 

Tig. 4 illustrates the vacuum unit as assembled on a supplementary 
distributor mounting. The damp bracket is rigidly secured to distri- 
butor barrel, and has integral automatic timing lever to '^^hieh miit 
operating rod is attached. Unit is mounted on extension of fixing 
bracket, which also incorporates manual control lever and slot for fixing 
stud. Movement of manual timing lever therefore varies position ofwhole 
assembly within limits of fixing-stud slot, w^hile movement of vacuum 

control varies position of clamp 
bracket relative to fixing bracket. 

The latest development of this 
type of control takes the form of a 
vacuum unit incorporated in the 
distributor body. The contact- 
breaker base is designed to move 
about spindle centre, and is linked 
to unit operating rod, so that the 
whole of automatic advance is 
effected without relative movement 
of distributor body and engine 
casting. This is a great improve- 
ment, weight and wearing surfaces 
being greatly reduced and sensi- 
tivity to slight load changes in- 
creased, with resulting closer follow- 
up of timing to load-speed changes. 
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Operation of Automatic Load Control Vacuum 

The operation of automatic load control by^ vacunm is as follows : 

When the engine is started and running idle at small throttle opening, 
the induction Yacunin is at its highest. Resulting depression in the unit 
vacuum chamber causes exterior air pressure to force the diaphragm 
inward, puUing with it the operating rod and moving the distributor round 
against direction of rotation to advance timing. This ensures the maxi- 
mum safe early timing under idling or light-load conditions. If the 
throttle is opened very gradually under hght load, vacuum will remain 
almost unchanged, the engine being able to ^'accept"’ fully advanced 
timing, with extra advance by speed control, without pinking. Sudden 
opening of the tlirottle will cause a drop in induction vacuum, when engine 
speed cannot immediately increase in proportion, due to the load it is 
pulling. With fully advanced timing, this would cause pinking immedi- 
ately, but the fall in vacuum allows the unit diaphragm to return to its 
original position, instantaneously retarding timing in relation to the load. 
Similarly, the progressive increase of throttle opening, necessary to main- 
tain car speed up an incline, enables the vacuum unit to retard ignition 
in exact proportion to engine requirements. 

In some late American designs the diaphragm action is supplemented 
by a spring, the tension of which is adjustable by a micrometer screw. 
The amount of delayed action imposed on vacuum control can, by this 
means, be accurately calibrated, to suit the grade of fuel in use or to 
compensate for carbonising and reduced engine efficiency. 

With regard to the range of automatic advance, each distributor is 
set to its individual type of engine, the auto-advance varying from 15° 
to 40°. The average is about 15° to 25°. 



LAMPS AND SWITCHES 

By E. r. LAWSO]S: HELME 


BULBS 

Filaments 

F ilaments are usually in coiled form and placed to produoe best 
results according to the purpose of the bulb. For headlamp use 
the flainent is generally in straight-line or U shape, the resulting 
rays being reflected forward, and disposed in beam and spread formation 
by the lens. Extra support is sometimes provided by a third member, 
Avhich secures the centre of the filament against sag or vibration, but is 
not connected to the circuit electrically. 

Bifocal bulbs combine t\TO separate filaments with a third (common) 
terminal support, this being connected to cap for return path to earth. 
Both filaments are usually V ’’ form, one bemg on the focal centre- 
line, and the other behind and below it, producing rays out of the focal 
centre, the resulting illumination being defocused and diffused to avoid 
dazzle (Fig. 1). 

The Lucas- G-raves filament arrangement has two filaments in line, 
one being shrouded by a metal cup placed beneath it, so that all down- 
ward rays are intercepted and only the up\vard rays are reflected. Tins 
prevents upward glare and the resulting dazzle. 

Bulb Caps 

Bulb caps are now largely standardised in dimensions and types. 
Fig. 2 shows common patterns oii British and American cars. 

The S.C.C. cap (A) is the most popular tA^pe, one filament lead being 
soldered to the centre contact pad and the other to the cap for earth - 
return circuit. The American version (£) has a loiig*er barrel, and 
standard British caps will not interchange with it because of depth of 
holder and globe contour. 

The S.B.C. (G) is the earlier form of cap, with two contact pads, 
each connected to one filament lead, no eartli connection being made in 
single -filament bulbs. The same cap is used on 
bifocal and dual-filament bulbs, the latter having 
an additional filament of low wattage to provide 
^'parking’’ light, seldom used iiow^in which 
cases the live feed to each filament is soldered 
to one of the two pads, the common (earth) 
lead being connected to the cap. 

The special Bosch B.C. cap [D) is connected in 
this way, the cap being larger tlian the S.B.C. i. A lu iai 


MAiN FILAMENT 



DIP ‘^lUAA’Er'.T 
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Fig. 2. — Types op bulb cap common Br-ipish aetd American cars 

A, S.C.C. cap. Bi American S.C.C. cap. O, S.B.C. cap. D, Bosch. B.C. cap. 
M.E.S. cap. F, M.C.C. cap. O, festoon bulb. 


and provided vith flat projections of unlike width to engage the slots 
in the bulb holder. One projection being wider ensures that the bulb 
can be inserted otlIj in the correct way. Other caps have pegs placed 
apart. 

The M.E.S. cap {E) has a single pad and earth return to cap, and is 
screwed into the holder. A miniature bayonet cap (M.C.C. type), 
shown in {F), is used on panel lamps as an alternative to the M.E.S. 

The festoon bulb {G) has a tabular globe with a cap at each end to 
which filament leads are soldered. 

LIGHTING- SWITCH CONTROL 

British lighting legislation compels the use of side and rear lamps 
at all times within lighting hours, -whether headlamps are in use or not. 
Control is usually centralised in a single combination switch enabling 
side and rear alone, or side, rear, and headlamps to be used. Subsidiary 
control of headlamps — i.e. change-over from driving ” beam to 
‘‘ dipped ” beam, or nearside reflector dipped with offside lamp switched 
off — is effected through the combination switch or an additional switch, 
with important differences in the circuit arrangement. In some cases 
headlamp control is effected entirely through a separate switch fed via 
the side -rear switch. 

Lucas S.L.C.l Switch 

Tig. 3 illustrates the Lucas S.L.C.l switch as wired to sides, rear, 
and a pair of bifocal headlamps. This switch is designed for fitting at 
the base of the steering column, operated hy a handle on the v^eel 
centre, a rod conveying motion through the hollow steering column to 
the switch action ; and has a rotary contact member with a transversely - 
grooved drum, two flat springs with curved ends falling into two opposite 
grooves simultaneously as the rotor is turned, providing a means of 
locating and holding the contact assembly in each lighting position. 
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The insulated base has a 
number of brass studs 
inserted flush with the 
surface, each being con- 
nected to a terminal outside 
the base, and the contact 
assembl 7 comprises a set of 
springy brass fingers riveted 
to an insulated ring secured 
to the drum. As the latter 
is turned, the fingers bridge 
the terminal studs in turn, 
the combmations provided 
being shown diagram- 
matically in Fig. 4. In 
position all lamp 
leads are dead . In side ” 
position, side lamps and 
rear lamp are alight through 
terminal ST being bridged 
to terminal A (battery feed 
via ammeter). In ‘‘head ” 
position, sides, rear, and 


REAR LAMP 



Fig , 3. — Lucas S.L.C.l switch, as wired to sites, 

REAR, AND A PAIR OP BIFOCAL HEADLAMPS 


headlamps driving filaments are alight, all these studs being bridged 
to A. In “dip’^ position, sides and rear remain alight, driving 
filaments are out, as H terminal is no longer contacted, while the 


dipped-beam filaments are alight, “ dip” terminal being in contact. 



OFF SAT. ON 


ST HEAD ON 


ST5.DIPON DIP OFF 



Lucas P.L.C. Switch 

In Eig. 5, a circuit is shown con- 
trolled by a Lucas type P.L.C. switch, 
designed for panel mounting and direct 
manipulation by lever. This switch 
conihines lighting, ignition, and charging 
control in one unit, but w'e will confine 
ourselves to the lighting terminals. 

A ring of studs inserted in the 
insulated back are integral with the 
exterior terminals and a spring -contact 
assembly provides the combinations, 
as before. 

The circuit is that of a three-lamp 
set, where headlamps, placed in the 
required position, also serve as side 
lamps. In the “side” position, the 


26:2 [VOL. IV.] ELECTRICAL AND ACCESSORY EQUIPMENT 

small auxiliary ''side lamp ” bulbs 
fitted in the headlamp reflectors 
are fed from the terminal L, while 
terminal T feeds the rear lamp. In 
the " head ” position, terminal Lis 
off contact, while terminal H be- 
comes alive, when " side ” bulbs 
are out, and the headlamp bulbs are 
lighted, terminal T remaining alive 
to feed the rear. Terminal L on 
all P.L.C. switches is used only on 
tlixee-lamp circuits. 

Dipper Circuits — Five-lamp Set 

The arrangement of the switch 
with a five -lamp set is depicted in 
Fig. 6, where sides and rear are 
connected to terminal T, terminal 
L is unconnected, and terminal E 
is the common headlamp feed. This circuit also includes a standard 
Lucas E.D.5 dipper reflector unit, with contacts controlling offside 
headlamp, by far the most common layout on modern popular cars. 

The following points should be carefully noted : a single cable runs 
from P.L.C. terminal H to terminal Pos of the dipper unit, this being 
used as a junction for the short lead to the nearside lamp holder, and also 
the short wire bridging terminal Pos to terminal R. From this point, 
current flows through the dipper solenoid winding, via closed dipper 
contacts to fuse and terminal Dip, and thence through wiring and closed 
dipping switch to earth, returning to battery. 

As the solenoid becomes electro -magnetic, the plunger is drawn 
sharply in, when the striker peg engages the lifting pad and raises the 
two upper contact arms, causing them simultaneously to break circuit 
with the lower contacts. The dipper contacts separate and the solenoid 
current is deflected through the resistance, which reduces its value to a 
degree just sufficient to retain the movement in the dipped position. 
At the same time, the "lamp"’ contacts sejmrate and the feed to the 
offside headlamp — from Pos via contacts and wiring — is interrupted. 
It will be noted that the dipper is operative only when the headlamps 
are s\Yitched on, the feed to lamps and dipper being common. If the 
headlamps are sAvfltched off when the dipper is in use, the dipper returns 
to normal position, its current being cut off ; while switching on the 
headlamps with the dipping switch closed causes the dipper to operate. 

Switch-feed Arrangement 

This circuit is designated "live feed,” to distinguish it from the 
alternative arrangement — -known as "switch feed” — shown in Eig. 7. 



TYPE P.L.C. SWITCH 




Fig, 6. ^AjRRAJ^GElVOlNr of switch with a FIVE-XAIMP set “ LIVE ■'* FEED 

This circuit also includes standard Lucas E.D.5 dipper reflector unit. 


In this case the dipper control is incorporated in the main switch, the 
layout of which follows the lines of the S.L.C. sKo^ti in Fig. 3. It is 
customary in this arrangement for the offside lamp to be controlled 
direct from the main switch, and not through the dipper lamp 
contacts. The feed to the nearside lamp only is wired to terminal 
Pos, while the feed to dipper unit is wired to terminal Dip. The bridge 
wire is eliminated between termhial Pos and terminal R, the latter 
being directly connected to earth in the lamp body. Terminal Lamp 
is not required. When the switch is in ‘‘head position, the nearside 
headlamp bulb is fed from main -switch terminal H.l and the offside 
bulb from terminal JS. In the “ dip position H.l remains alive, 
hut H is off-contact and the offside lamp goes out, while terminal D — 
becoming “ li\^e ” — feeds the dipper, direct return to earth eompletiiig 
the circuit. 

Dipping Circuit for Three-lamp Set 

The use of a dipping reflector with a tliree-lamp set calls for special 
provisions to maintain the offside light required by law when the dipp)er 
is in use. Each headlamp is provided with a side -lamp bulb in 
addition to the main bnlb, these being controlled from a P.L.C. switch 
through terminal L, as shown in the circuit of Tig. 5. A special iorni of 
dipper unit is used, as shown in Fig. 8, with an additional contact- blade 
fixed above the upper arm of the “ lamp ” contacts. It should be noted 
that the four unit arm terminals are dilFerently connected and marked, 
the R terminal now being S — a junction terminal witli no emuiect ion 
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In this case the dipper control is incorporated in the main switch, the layout of which 
follows the lines of Tig. 3. 


to the dipper circuits, hut connected to the additional contact blade, 
wiring to both. ‘‘ side ” bulbs, and wiring to P.L.C. terminal L. Terminal 
JSfH is connected to upper lamp ” contact, nearside bead bulb, dipper 
feed, and wiring to P.L.C. terminal H ; terminal OH connects offside 
head bulb and lower-lamp-contact only, while terminal Di^ remains 
the dipper return to earth via dipping switch, as in the orthodox layout. 
With P.L.C. switch in side ” position, current flows to terminal and 
feeds both side bulbs. When the P.L.C. switch is in head ” position, 
its terminal L is off contact and side bulbs go out, but terminal H is 
live and current flows to terminal N H, feeding nearside head bulb direct 
and offside head bulb via ''lamp’' contacts and terminal OH. When 
the dipping switch is closed, current also flows round solenoid winding, 

DIPPING 



Fig . S. — Circuit for dipping reflfctor with a. three: - liAiMP set 
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through dip contacts — Tvdiieli the plunger sepamtes, inserting resistance 
in series — via fuse to terminal Dip, wiring, and switch to'earth. As 
the dipper operates, the lamp contacts are also separated, tlie offside 
head bulb goes out, and the upper lamp " contact touches the 
additional contact blade wlien current flows from terminal X E to S, 
feeding both side bulbs. Thus, when dipped, the olFside head goes off 
and side comes on, nearside head remains on and side also conies on. 

In the latest design, exemplified by the 19^9 Morris S " Series E 
cars, a standard dipper unit is used, both side bulbs being wired direct 
to P.L.O. terminal T, as in five-lamp sets. When head bulbs are 
switched on the sides remain alight in each lamp, and when the dipper 
is operated, offside head goes out and nearside head is dipped, both 
side bulbs remaining alight. Thus, except for housing the side and head 
bulbs in one lamp on each side, the arrangement is identical to five-lamp 
practice, and the P.L.C. terminal L is not wired. 

LAMP FOCUS 

If a lamp is to give the maximum efficient illumination, correct focus 
of the bulh in the reflector is essential. The shape of the reflector is 
parabolic, the object of this being to ensure that rays of light impinging 
on its surface from the focal centre are reflected forward horizoiitallT 
to constitute a parallel beam of great intensity. 

Bulb behind Focal Centre 

If tbe filament is placed behind the correct focal centre, its rays 
meet the reflector at too narrow an angle to the surface, and the resulting 
beam is spread side^ways, leaving a dark spot in the middle of the beam. 

Bulb in front of Focal Centre 

With the filament forward of the correct position, the incidental 
rays describe too wide an angle to the reflector surface, and the beam 
converges inward, protfiding a conical pencil of light to a point where 
rays cross, and a converging beam with dark centre beyond. When the 
bulb is correctly focused the beam remains parallel for a considerable 
distance ahead. 

Side illumination is obtained by direct (unreflected) li^ht from the 
bulb. 

Shape of Filament 

The shape of filameut is also important. For deep reflectors, an 
axial straight filament gives the best result, while in shallow types the 
filament should be V-shaped or restricted as nearly as possible to the 
ideal point of light. This pattern is commonly used in spot -lamps, 
where a penetrating pencil of light is aimed at, side iiluminaiion being 
of minor importance. 

Fig. 9 shows focusing principles. 
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BULB BEHIND FOCAL 
CENTRE. DIFFUSED 
BEAM WITH BLIND 
CENTRE 



BULB BEFORE FOCAL CENTRE 
CONVERGING BEAM WITH 
CROSS-OVER 


BULB IN FOCUS 
BEAM PARALLEL 
AND OF MAyiMl'M 

illumination 


lig . 9. — ^Pbiuciples of pocusing- 


ANTI-DAZZLE DEVICES 

Apart from the dipped beam, by mea,n.s of bifocal filaments or dipping 
reflectors, elimination of dazzle is achieYed very effectively in the various 
designs of ‘‘pass lamp’’ now in use. The main objectives axe the 
cutting off of all upward rays and the flattening and broadening of the 
beam. Cutting off all upward rays is effected by shrouding the downward 
filament rays, as in the Lucas-Gi-raves bulb, and the use of a duo-focal 
reflector as in Lucas T.T.37 and F.T.57 lamps, the “ Trippe ” driving 
lamp, and other types. Flattening and broadening the beam is achieved 
by the use of fluted lenses and forward shrouding of the bulb as in the 
Lucas P.T. and P.lOO lamps. 


Duo-focal Reflector 

Fig. 10 is a sectional view of the F.T.37 lamp, showing how the 
reflector is made with the upper half deeper than the lower half, although 
the whole reflector is actually pressed out in one piece. The position of 
the bulb filament is such that it is in the focal centre of the lower half 
but forward of the focal centre of the upper half. The lower half therefore 
casts forward a parallel beam of semi-cylindrical shape, while the upper 
half produces a converging downward beam, A metal cap attached to 
the cross-piece in front of the bulb intercepts all direct rays above the 
horizontal. The light is concentrated in elliptical form below the 
horizontal axis, with plenty of side spread, but no upward beam. In 
the F.T.57 a fluted lens assists the sidew^ays refraction of light, tending 
to spread the beam fanwise towards the roadsides. 


SERVICINTG INFORMATION^ 

The following hints will be of assistance in locating and rectifying 
lighting and lamp-circuit defects : 
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UPPER REFLECTOR. FOCUS 
DISPLACED BEHIND BULB 


BULB SHROUD I NTE RCEPT .NO 
DIRECT LIGHT ABOUT 
H0RI20MTAL 


LOV/ER REFLECTOR. FOCUSSED 
TO BULB 


Fi(j. 10. — Section" of Duo-FocAii eeflkctor (F.T.37 lamp) 

Poor Illumination 

Poor illumination may be due to old, discoloured bulbs, liigli resistance 
in series causing voltage drop, faulty battery, or bulbs of incorrect type. 
To check earth connections for conductiyit^^ bold a length of cable in 
contact with the lamp body, and clean metal on the chassis, noting any 
increase of hglit, “which indicates high-resistance earthing. 

Check focusing of headlamp bulbs with lamp lenses removed, using 
a white screen with vertical and parallel intersecting lines to mark lamp 
centres. 

If reflector surfaces are cloudj' or scratched, new or replated reflectors 
are needed. 

Rewiring with cable of insufficient cross-area will introduce voltage 
loss. 

Faulty Pippers 

If dipping reflectors stick, blow fuses repeatedly, or are sIuggislK 
see that there is no distortion due to damage. Use light machine oil 
or cycle oil sparingly to lubricate pivots, plunger, tappet -rod contact 
with reflector plate, and striker -peg contact with lifting pad. Use 
6-anip. fuse in 12-volt unit and 10-ainp. fuse in 6wolt unit. See that 
contacts are separated not before two-thirds of full plunger stroke. 
Too early separation causes chatter and fuse trouble. Mounting screws 
must he tight and fuse secure in clips. Xote that 6-volt units have 
yellow^ Empire-cloth covering of winding, and 12 -volt units have black. 
Clean contact surfaces with ncail file. 

Repeating-tjpe foot switches have rat diet -held three-legged rotor. 
If the dipper fails to operate every sixth stroke, eondemii the 
switch. 
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Wiriag P.L.C. Switch 

When wiring a P.L.C. switch, connect ammeter wire to outside A 
terminal — ^not the ignition A— as this is internally bridged and is not 
intended to carry lighting load. 

Bulbs 

Do not allow greasy finger marks to remain on bulb globes as the 
heat causes them to vaporise and give off gases injurious to reflector 
surface. 

It is very unwise to look at a lighted headlamp bulb with the naked 
eye : use smoked glass. 

^ilarnents should he inspected for signs of sag and the glass for 
internal clondmg, indicating imminent failure. A milky glass denotes 
incomplete air extraction due to faulty manufacture. A bulb with 
loose cap should he condemned, as vibration will cause early breakage 
of filament leads. 



SERVICING TECALEMIT DL- AND DR- 
TYPE FUEL-FEED PUJVIPS 

By C. H. B. PRICE 

T he Teealemit low-pressure fuel pumps, types DL and DE, are 
intended for use wdth petrol, benzol, and fuel oil, and liave a low 
wording pressure, giving at the same time, in the case of the standard 
model, a steady dow of 0-15 gallons per hour, determined by engine 
requirements. 

Two standard models of pumps axe available, the DL lever 
pump (Fig. 2), and the DE for push-rod operation. In each case a 
simple hand priming -lever is provided for use when initially filling the 
fuel system. 
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Fig. 2 (left).— 
General -view of 

Tec ALE MIT* “ D 

TYPE FUEL -PEE D 
PUMP 

The priming lever 
at the right-hand side 
of the pump can be 
clearly seen, together 
with the drive lever 
and the filter cover. 


Fig. 3 (right ). — 

DISMANTLI N G 
FUEL-FEED PUMP 
( 1 ) 

This shows the 
first operation in 
dismantling which 
follows removal of 
the filter cover 
assembly^. A tommy 
bar is inserted 
in the centre pillar 
which is then nn- 
serewed, when it 
will be found pos- 
sible to lift the filter 
sc*reen clear of the 
pump body. 



Description of Operation 

Tlie sectional diagram (Fig. 1) iiulioate.s iiou' tlie ('cecntric- A on 



TEOALEMITDL- AND DR-TYPE TUEL-EEEDPmrPS [vol. it 


tie engine camshaft 
causes lever B to oscil- 
late about pivot G and 
depress collar D on 
spindle -S, and pulls the 
diaphragm F downward 
against the action of 
spring G, This produces 
a vacuum on the upper 
face of the diaphragm, 
causing fuel to enter 
chamber H by means of 
union I and passage Q, 


Mg. 5 (below ). — Dismantlino 
TUBL-PEBD PUIEP (3) 

In this view, the inlet 
valve seat "body has been 
removed together with the in- 
let valve and the fibre joint. 
At the bottom of the inlet 
valve pocket can he seen the 
inlet valve spring in position. 




Fig. 4. — Dismantling fuel-feed 
PUMP {' 2 } 

Shows the centre pillar with titer 
screen removed from position. The inlet 
valve seat body can be clearly seen in 
position. 

from where it passes down through 
the filter gauze i? and inlet valve 
/ to chamber X. 

As the eccentric rotates, the 
lever £ will tilt, assisted b\’ 
spring 0, allowing the collar i>, 
spindle E, and diaphragni F to 
rise hy virtue of spring G so as 
to pump fuel in chamber K past 
the outlet valve L to the 
carburettor or injector pump, as 
the case may be. 

Should the engine demand 
the full quantity of fuel, the 
diaphragm follows the lull stroke, 
hut ^y\\en (in the ease of a car- 
hurettor) the float -e bain her needle 


272 [TOL. IV.] ELECTEICAL AND ACCESSORY EQUIPMENT 



Fig. 6. — DisMAis^rLiNG fuel-feed pump (4) 

This shows the removal of the air dome together with the outlet valve spring and fibre 
joint, leaving the outlet valve in position. 


valye closes, a back pressure deyelops at the working face of the diaphragm, 
causing a lag in action between the collar i> and the worldng face of 
the leyer B. 



Fig. 7 (left). — Dismant- 
lin^g (5) 

Reading from top left 
to bottom and top right 
to bottom, the following 
are sho-wn : 

A. Outlet Yalve Air Dome. 
JB. Fibre Joint. 

C. Outlet Valve Spring, 
n. Outlet VaK'e. 

A. Inlet Talve Seat. 

B. Fibre Joint - 

C. Spigot for Inlet A’alvB 
Spring. 

n. Inlet Valve Spring. 

B. Inlet Valve. 

The difference between 
the lengths of the two 
valve springs is clearly 
shown in this illustration. 
They are not interchange- 
able. It will also he seen 
that the inlet and out- 
let valves are identical. 


TECALEICITDL- AND DR-TYPE PUEL-FEED PUMPS [yol. iv.] lU3 


Device for assisting Easy Starting 

A certain level of fuel will he 
maintained in air dome P while 
running, and the cushion of air 
trapped in the dome will permit a 
small quantity of fuel to flow to the 
float chambpr when the engine is at 
rest, to make up for evaporation 
losses in the float chamber, thus 
assisting in an easy start . 


Service N'otes 

When ordering spares or service 
units, always quote the number 
in full which will be found stamped 
on the pump flange. 

Occasionally remove filter bowl 
and gently wipe away dirt on face 
of gauze. Do not remove gauze 
for this operation, as dirt might 
enter. Tighten bowl nut firmly 
after removal. 

Three circumstances only are likely to make it necessary to examine 
the petrol-supply system ; these, together with the remedies, are set out 
below. 


Fig, 8 . — I)ISVA^'TLI^•G; the fuel, pump ((} ) 

View showing all valve gear removed 
from head casting. The outlet valve seat 
insert is clearly shown in this illustration. 




Fig . 11. — Dismantling pee fi'kl pi mi- ^,7) 

View showing head casting rein ov^ed from base t-astiug. It should be untfd that tlio 
upper face of the diaphragm is known as the working tai-c. 

M.U.O. IV. — IS 
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Pig- 10 (left).— 

1) ISMANTL INO 

FUEL PUMP ( 8) 

To complete the 
dismantling of the 
unit, the primer 
drive pin is re- 
moved in the man- 
ner shown. 


FUEL- SUPPLY TESTS 


Lack of Fuel in Carburettor Float Chamber 


Possible Came 

(1) Fuel tank exhausted 

(2) Loose pipe unions . 

(3) Damaged piping 

(4) Filter-cover nut loose 


Remedy 

Replenish tank. 

Tighten all connections in petrol-supply 
system. 

Renew where necessary. 

Remove bowl, examine cork joint, replace 
if in good condition, and tighten bowl nut. 



Fig. 11 (left).— 
O V E R H A.UL, - 
USTG THE UNIT 

Removal of lever 
spring showin-g hall 
and spring used in 
locating the prim- 
ing lever. Also 
the primer drive 
pin. 




TECALEMir DL- AA^I) DE-TrPE PUEL-FEE D PUMPS 


(5) Tiltdr clicked 


emove bowl, wipe gauze gentlv with 
ean rag. 

ote: Centre bolt and gauze should not 
be removed for this operation. 


reinov’j 
111 thp 
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Fig . 14 ( left ). — View showing the 

DIA.PHRAGM ASSEMBLY COMPLETE 

This assembly is complete in itself 
and should be changed as a whole when 
it becomes necessary to renew either 
the diaphragm or the diaphragm 
spring. The washer shown between 
the brass bushing and the spindle end 
of the washer is of a special fibre and 
takes the thrust from the drive lever. 


Fig. 15.— View SHOWING all tarts of the pump in a dismantled condition 

The following three assemblies should be noted as they are supplied complete as such 
by the makers. On the extreme loft, the Iwer assembly. Vt the top of the illustration 
the filter cover assembly. At the extreme right of theillu-stration the diaphragm assembly. 
The line drawing Fig. 1 shows diagrammatic view of the complete pump. 
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Lack of Fuel in Carburettor Float Chamber— 

Possible Caiise Rtmexly 

(6) Leaping valye plug . Tighten by spanner at hexagon ia-neath 

Outlet L {see Fig. 1) air dome P {see Fig. 1 ). 

Leaking valye plug . Reiiiove centre jiin by itassing small 
Inlet J (see Fig. 1 ) tommy bar through fuel" duet Q. uiiseieu' 

and release gauze iZ (Fig. 1). 

Tighten plug by ^vide screwdriver in slot . 

(7) Bent or damaged valves. Remove valve plugs and valves. Pare- 

(Remote unless tainperage fully cleanse in petrol and examine valves 
is suspected.) and valve seats for defects. Tecaleniit 

fuel-pump valves are intercliangeable. 
and care should be taken to see that they 
seat flat and are not on edge vben being 
replaced. The valve springs should he 
handled with care. These are not inter- 
changeable, inlet with outlet. 

Leakage of Fuel at Diaphragm Flange 

Possible Cause Piemedy 

Loose screws in flange. Tighten all screws equally and gently in 
(In view of the flange rotation, 
design this possibility is 
remote.) 

Flooding of Carburettor 

Possible Cause Remedy 

Carburettor needle valve Examine carburettor for adjustment, 
not seating. Clean float chamber and needle seat. 

Rote . — The primer lever T {see Fig. 1) is for use only when the 
engine is at a standstill, with empty fuel lines and earburettor. 

The correct method of oiieration for priming is to jiush the lever down 
and release. This should be repeated until fuel is seen to be emerging 
from carburettor, when “ tickler ” is used to de})ress float. Neinually a 
few turns of the engine should preclude tlie need for priming. 

Procedure for Dismantling and Overhaul 

The procedure for dismantling and overhauling is shown in Figs. 3 
to 15. 



THE APPLICATION OF A COMPRESSION 
GAUGE FOR ENGINE TESTING 

By S. G. MUISTDY, M.I.E.E., A.M.I.A.E., MI.M.T. 

A COMPEESSION gauge properly used is of great utility in diagnosing 
a.nd locating the causes of loss of compression. 

A good reliable gauge should be used, and connected by rubber 
hose in tbe sparking-plug position, using a suitable connector according 
to the size of tbe plug fitted. 

Tests should be made by turning OTer the engine on tbe spark meter 
(using an auxiliary battery for tbis purpose, if necessary) with, all plugs 
removed. The engine should be at normal operating temperature. 

Tbe purpose of a compression test is to determine what faults, if any, 
exist in the compression of individual cylinders, in order to indicate 
•wbetber the power impulses are uniform. This is more important than 
the actual value of the compression readings. 

How to make a Compression Test 

(1) Eemove all sparking plugs. 

(2) Insert the proper adapter in No. 1 cylinder and connect tbe 
compression-gauge hose . 

(3) Lock the throttle wide open, and see that tbe carburettor choke 
valve is also wide open. 

(4) Crank tbe engine with the starter, and note tbe maximum reading 
obtained on tbe compression gauge. 

(5) Having recorded the reading, remove the adapter, pour about 
1 oz. of engine oil on top of the piston, taking care to see that tbis oil is 
kept clear of valves. 

(6) Eeplace the adapter and repeat the compression test. Tbe oil will 
temporarily seal the piston rings. If the compression does not materially 
rise, it indicates that the rings are tight and any loss in compression is past 
the valves. If, on the other band, the compression rises by 10 Ih. or more 
over tbe first reading without oil, it shows an excessive leakage past tbe 
rings. 

How to make a Complete Analysis of Engine Condition with the Com- 
pression Gauge 

By setting out the test figures in tbe form of a schedule, the condition 
of the engine can be completely analysed, as follows : 
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SCHEDULE SHOWUSTO- METHOD OP ANALrsINC4 EXGIXE 
CONDITION BY MAKING A COMPRESSION TEST 

Schedule No, 1 



A 

B 

i 1 

1 C : 

I) 

E 

Cylinder 

Dry 

Oil I 

Bore 

ayid 

Tofai 

JVo. 

sealed 

1 Loss 

Gasket Loss 

Loss 

1 

45 

55 

10 i 

5 

15 

2 

40 

42 

! 2 ) 

18 

20 

3 

48 

55 

i 7 : 

5 

12 

4 

50 

60 

: 10 : 

1 i 

X 

(28 7) 

17 


(1) Insert the norina.1 compression reading in column A. 

(2) Insert reading with oil seal in column B. One cylinder (Xo. 4 in 
the example used) will give a maximum reading. 

(3) The difiFerence in the readings between columns B and A represents 
the loss pa.st rings, and is entered in column C. 

(4) The maximum reading in column B represents the most efficient 
cylinder, and all other cylinders should correspond. The diflference 
between the maximum and lower readings represents a loss of compression 
past valves or gaskets, and is entered in column D for all cylinders except 
the cylinder which gave the highest reading on the oil seal. It must not, 
however, be taken for granted that this high-reading cylinder is perfectly 
sound, and an allowance factor must be determined to compensate for any 
loss past valves which may exist in this cylinder. 

(5) This allowance factor is obtained by adding together the readings 
in column T> and dividing by the total number of cylinders, thus giving an 
average loss to be allowed for the final cylinder X. In the example used, 
the total valve and gasket loss is 28, which is divided by the number of 
cylinder, namely 4 == 7 lb. loss for No. 4 cylinder. 

(6) We now add together columns C and B, which gives us the total 
loss of compression as in column E. 

A frequent mistake when making compression tests is to base the 
analysis only on the results shown in column C, that is, the diftereiice 
between the dry and oil-seal readings. Such an anah^sis, in the case of 
the example used, would probably result in the customer being told that, 
cylinders Nos. 2 and 3 are good because they show a bore loss of 2 lb. and 
7 lb. respectively, and that cydinders 1 and i, although not so satisfactory 
as others, do not yet merit attention because tliey eac-h siiow a bare 
loss of 10 lb. 

If, however, a complete analysis is made, it siiovvs that although the 
bore loss of No. 2 cylinder is very low, y’et the valve loss is very iiigh and 
calls for immediate attention. Since this means removing the cylinder 
head, attention can at the same time economically be given to cylinders 
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Testing the Compression 

Showing US0 of compression tester with 
special rubber adapter inserted in sparking- 
plug hole. The gauge is held in position by 
hand. 

bores of cylinders 1 and 4, where 
would in all probability rectify the 


1 and 4, which, have a fairly 
high hore loss and might justify 
the fitting of oversize piston rings. 

Analysis of the above Schedule 

A ''balance test” made with 
a vacuum gauge by short-circuiting 
cylinders in turn showed the cylin- 
ders to have the following descend- 
ing order of efficiency : 3, 1, 4, 2 ; 
this complies closely with the com- 
pression-test results. 

An analysis based only on the 
results shown in column C, where 
no thought has been given to fully 
determining the condition of the 
cylinders, or where it has been 
deemed "too much trouble,” would 
have resulted in the customer 
probably being told that ' ' Cylinders 
2 and 3 are good, and cylinders 1 
and 4 — although less efficient — do 
not yet merit attention.” 

The complete analysis, as 
covered by the schedule, indicates 
clearly that whilst the bore of 
cylinder Wo. 2 is excellent, the 
valve loss is high and calls for im- 
mediate attention ; and since this 
has to be done, attention could also 
he given at the same time to the 
the fitting of oversize piston rings 
OSS of compression taking place. 


The Use of a Compression Gauge for Fuel-pump Testing 

This test is made by connecting the compression gauge through a 
screwed -in special tee -fixture between the petrol pump and the car- 
burettor, and running tlie engine at a speed equivalent to about 10 m.p.li. 

The jiressurc reading on this test will be about 2^- to 3^- lb. A fuel 
pump will work and give satisfactory results at a pressure of 2 lb. provided 
the carburettor has been ])roperly adjusted. Pressures seldom exceed 3Jlh. 

Too low a fuel-pump pressure will cause a high-speed miss because of 
lack of fuel delivered to the carburettor. Too high a pressure will cause 
carburettor to float and result in high petrol consumption because too 
much mixture is being delivered to the carburettor. 


OPERATION, CARE, AND MAINTENANCE 
OF KLAXON HORNS 


T he electrically operated lioras are vibrating- type units that 
operate on a magnetic principle to produce the warning signal. 
These horns are used as single units or in matched pairs with 
blended tone. 

Current from the battery jflows through the windings within the horn 
when the circuit is completed at the horn push-hut ton switch. The 
magnetic attraction of the armature towards the pole causes a tension 
and slight movement of the diaphragm. This moTement opens the con- 
tact points in series with the horn windings, bx'eaking the circuit. 

When the current is interrupted, the armature returns to its original 
position, relieving the tension of the diaphragm. The slight return 
movement of the armature and diaphragm allows the conta ct points to 
close, completing the circuit. 

This cycle is repeated a great many times per second, resulting in a 
rapid vibration of the diaphragm. Each horn is designed to operate 
at a predetermined number of cycles per second to produce its character- 
istic warning signal. The pitch of the horns depends upon the number 
of vibrations per second, the high-note horns having the greater fre- 
quency. 

Conditions Affecting Horn Performance 

The following conditions affect the performance of the horns and 
should be checked before attempting to make any adjustments to the 
instruments : 

Low Horn Voltage 

If the horn produces a weak signal, the voltage at the horn siiould be 
noted. 

Connect a voltmeter from the horn terminal to earth viieii cheeking 
horns having one terminal. Connect the voltmeter arross tlie horn 
terminals when checking horns having two tcrininals. 

The voltage readings should not be less than volts ((]-volt systenO 
or 11 volts (12-volt system). A lower reading would indicate either a 
low battery or a high resistance in the horn circuit. 

2S1 
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Low Battery 

Check the battery with 
a voltmeter or hydrometer 
for condition of charge. 
If low, the battery should, 
he recharged. 

Loose or Corroded 
Connections in Horn 
Circuit 

Clean and tighten con- 
nections wherever neces- 
sary. Check for defective 
wiring by connecting separate test leads from the horn to the 
battery. 

A loose connection or poor contact at the horn push-button switch 
may cause the horn to operate intermittently. Shunt around the horn 
button to determine whether there is poor contact at the push-button 
switch. 

If a horn relay is used in the circuit, remoye the relay cover and see 
that the relay operates. The relay is connected in the battery circuit 
and is remotely controlled by the horn push-button switch. 

The horn relay must he connected as shown in Eig. 1 to prevent 
damage to the unit. 

Wire in Horn Circuit 

The wire in the horn circuit should be of sufficient size to carry the 
current required to operate the horns. Use 0-064 in. diameter wire or 
larger for models 16, 26, and 31 ILlaxons and OT in. diameter or larger 
for model 33. 

Mounting 

Some horns are earthed internally and have but one terminal. In 
this case, a good earth connection to the frame of the car should be main- 
tained through the mounting brackets. Horns must be fastened securely 
in position or the tone will he affected. 

Loose or Damaged Parts 

Horns usually have a rasping sound when vital parts are loose or 
broken. A loose bachshell may affect the tone. 

Tighten all collar screws, mounting nuts, and studs, and replace all 
damaged parts. 

Some matched pairs of Delco-Remy llodel 33 horns use a long and a 
short projector. The long projector must be used with the power unit 
stamped L,” and the short projector with the power unit stamped 
S,” or the horns will not perform properly. 



Fig. I.--AVIIIING DIA.GIiA.M TOR FAIR OP KlAXON 
HORNS WITH A HORN RERAY IN THE CIRCUIT 
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Open, Shorted, or Earthed Circuits 
in the Horn 

The horn ^vil\ not function 
property if tlie field windings are 
open-circuited, short-circuited, or 
earthed. 

Connect an ammeter in the 
horn circuit at the horn terminal. 

If there is no indication of current 
flowing when the contact points 
are closed, the windings are open- 
circuited. The ammeter will in- 
dicate an excessiYe flow of current 
if the windings are short-circuited 
or earthed. 

The windings in horns haring two terminals may also he cheeked for 
earthed circuit by the use of test points and a test lamp. 

Disconnect the horn leads and touch one test point to one of the horn 
terminals and the other point to the horn hase. If the lamp lights, the 
field windings are earthed. This test does not apply to horns having one 
terminal, as these horns are earthed internally through the hase. 

Arcing or High Resistance at Contact Points 

Exicessire arcing at the contact points may be caused by improper 
current adjustment. An open circuit in the condenser (on ilodel '26 
horns) or in the resistance unit (on Model 33 horns) will cause excessive 
arcing at the points, and in some cases the contacts will be held together. 
The horn will not function properly if the condenser or resistance unit 
is open-circuited. 

High resistance at the contact points of 3Iodel 33 horns may be caused 
by an oxidised coating which sometimes forms on the contact surfaces. 
Usually a few light strokes with a thin contact -point tile will dress the 
points so that the horns will produce the proper tone. 

Adjustments 

No adjustments should be necessary on new horns. However, if 
the tone is not satisfactory after checking tlie above conditions, it will 
be necessary to adjust the horns. 

When adjusting matched pairs, one horn siiould be disoonnecied and 
attention confined to one instrument. 

Klaxon Models 16 and 31 

Current-consumption and air-gap specifications for these models 
are as follows : Current consmn^tion : Higli-note 6- volt horns, 5-7*5 
amps.; low-note fi-volt horns, 5-7*5 amps. ; high and low- note l2-vult 
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horiii;, 3-4* 5 amps. ^4 /a* 
Gap : High-iiote 6- and 
i 2-volt lionis, -015--017 
ill. : low-note 6- and 12- 
volt lioriis, •02D--022 in. 

Connect ammeter in 
circuit at the horn and 
adjust current consump- 
tion bv varying position 
of adjusting screw. 
Loosen the locknut, and 
turn current -adjusting 
screw to the left to in- 
crease the current, to 
the right to decrease the 
eurreiit. Increasing the current increases the volume. Too much 
current will cause the horn to have a sputtering sound. This adjust- 
ment is very sensitive. Move adjusting screw one-tenth turn and lock 
in position each time hefore trying the horn. If ammeter is not 
available, adjust according to sound. 

If the tone of the horn is unsatisfactory after adjusting the current, 
remove the faceplate or projector and adjust the air gap. 

Loosen the locknut and turn air-gap adjusting stud to the right until 
it toucdies the core. The horn will not sound when stnd is in this position. 

Back stud away from the core by turning three-quarters of one turn 
to the left, and lock in position. If the horn has a coarse, high pitch, 
turn air-gap adjusting stud to the left, and if the pitch is too low, turn 
stud to the right. Move stud cue-tenth turn and lock in position each 
time when adjusting near the correct setting. 

After each horn in a matched pair has been adjusted and operated 
individually as instructed, connect the units together and sound for 

blended tone. 




Adjusting Klaxon 
Models 26 and 33 

Adjust the current 
consumption, as 
already described for 
Models 16 and 31. 

The correct air gap) 
between the armature 
and core is v'ery iin- 
p)ortant for proper tone. 
The gap must be uni- 
form across the entire 


Fiij. 4. — Klaxon horn (mui>ei. T3-c) 
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surface of the armature. The width of the gai) may be detenu i!ied by 
using a feeler gauge. Adjustments are made by means of the air-i:an 
adjust ing nuts. 

After each horn iii a matched pair has been adjusted and operated 
individually as instructed, connect the units together and sound lor 
blended tone. 

The Model 26 single 6-volt horns having the short pirojectors should he 
adjusted according to high-note speoiticatioiis. and those with long 
projectors should be adjusted according to low-note speed tieat ions. 

The folloAving table gives the ciirreiit-eonsiiniption and air-ga]> 
specifications - 


Cu rroi t Voti sumption 


Air Gup 


Horn- 
Model ! 
y timber 


26-A, C, 
and 3D 

26-E, F, and 

G . 

26-L . 

26.M, aad S 


oo 

33-B . 
33-C . 
33-D . 
33-P . 
33-S . 


Highuiote 
G-volt Horns 
at 6 volts 

(Amp.i.) 


5-6’5 

5-6' o 

5-6*0 

11-13 

il-U 

10-12 

11-13 

9-11 

10-12 


Loicuiote 
^-volt Horns 
at 6 volti, 
{Amps,) 


6 *5-8*5 

5*5~S*5 

5*5-S*5 

t5*5-S*5 

11- 13 

12- 14 

11- 13 

12- U 
11-13 
11-13 


and 

Lou'-note 1 2- 
volt Horns at 
12 volts 
( .-1 inps.) 


3*5- 4*5 

3*0 — 4*0 
35-4*5 
3*5- 4* 5 

8-11 
8-11 
8-11 
8-11 
8 11 
8-11 


High -lude 
\'2-ro!t 
Horns 
iin.\ 


*01 7—020 

•t!l9-*M23 

•01 0-*O23 

*1140—047 

**.i36-*04».> 

■032-*n36 

•o36--«4»i 

•«i32— o:n; 

• « i:V2-'M36 


Loiruiote 
0- ami I'l-rolt 
Horns 
{in."' 


•025—029 

•O2t>--029 
H 125— 029 
■025--»j29 

■m50— 057 
• <(45—*^. '50 
•U42--046 
■1)45— t »5»» 
-040— i)-44 

-SI 42 



CHECKING SMITH THERMOSTATS 

Witli Notes on tlie use of Anti-Freeze 

By F. J. GROSE 

T he modem tliermostat comprises a. Talxe operated by a metallic 
helIo\Ys filled with a volatile liciiiid and set at a predetermined 
temperature. The movement of the bellotvs closes off the by-pass 
when the valve is full open. Thermostats are calibrated to start opening 
usnally bettveeii 70"' and 73" C. — suitable liquids being employed having 
boiling points to suit the desired temperature setting — and are full open 
at about 85 ~ C. Pressure has no eifect on the thermostat, as the area 
of the valve is ecpial to the mean diameter of the bellows and, therefore, 
balanced. Valves larger than the bellows will blow open under pressure 
and the temperature will be lower than that tor which the thermostat is 
designed. The ruimiiig temperature will be higher if the valve is smaller 
than the bellow’s. 

Viider normal conditions of control the thermostat valve is rarely more 
than jhv in. olF its seating, sufficient water passing through this area to 
give the desired control, as is proved by the fact that under running 
conditions the temperature of the engine is very close to the temperature 
at which the valve moves off its seating, namely 70^-73° 0. 

When a thermoineter is used, it should obviously record temperature 
on the engine side of the thermostat. 

The hello w's is under vacuum, thus in the event of puncture (a very 
rare trouble) the valve will fly to the full-open position, eliminating any 
possibility of boiling. 

Checking Thermostat when Temperature is lower than C. 

First cheek thermoineter readings — if one is fitted on the car (use an 
ordinary glass therinometer for checking, preferably’' at 60'', 70°, SO"', 
90'. 100° C.). If the thermometer is satisfactory, remove the thermostat 
and place in water at 70°-73° 0., moving the thermostat about during 
the test . The valve should be a few thousandths of an inch off its seating 
at 73'^ C., and should have a minimum of in. lift at So''" C. If the 
valve is permanently off its seating, it indicates that the bellows is punc- 
tured and must be returned for servicing. repairs can be effected on 
a thermostat by a garage, as the thermostat is a sealed unit. 

A thermostat is an accurate instrument calibrated to within H^C., 
and is therefore entitled to at least occasional attention. It usually 
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gets the blame for all cooling-system troubles, but is in fiiet a very reliable 
fitting. All Smith thermostats are balanced and are iiiialieeted by 
pressure — therefore Ioav running temperatures eaiiiiot be attributed to 
the thermostat. There are, howerer, theniiostats on the iiiarket witii 
oversized valves tvhich would definitely be the cause of low riiiiniiig 
temperatures. 

Running Temperature too low — no Thermometer fitted on Car 

The simplest way of testing a thermostat when no thermometer is 
fitted on the car is to insert an ordinary thermometer in the header tank 
wdien the engine is really -warmed up. If the engine is running stationary, 
it should he allowed to rev. for at least ten minutes. The temperature 
in the header tank is usually about 2^-3'^ lower than the cylinder block ; 
therefore, if the recorded temperature in the header tank is, say, 67 “-6S' 
C., it may safely be assumed that the thermostat is correctly set and 
controlling temperature in the cylinder block at C. 

Car docs not warm up Rapidly 

Fill up wdth cold water and allow the engine to run at a fairly fast 
tiekover. Under these conditions the thermometer should reach, the 
normal setting of TO^^-TS^C. in 3-6 minutes approximately. (On the 
road under driving conditions this is more rapid.) During the period of 
warming up no hot water should pass into the radiator until the valve 
opens. The only w^ater which can pass over is via the very small air- 
vent hole in the thermostat valve. If the radiator warms up approxi- 
mately at the same rate as the cylinder block, then this indicates that the 
thermostat is faulty, and it will probably be found that the valve is 
permanently off its seating, due to a punctured bellows. 

Engine Boils 

Adopt the same procedure as -when the temperature is lowrer than 
70°-73®C. If the thermostat is found to he satisfactory, boiling must 
be due to some other cause, such as insufficient \vater in the cooling system, 
choked radiator (very often the case on an old car), pump requiring atten- 
tion, or a kink in the rubber hose. In cold w'eatlier, freezing at the base 
of the radiator results in boiling, and very often the thermostat is blamed 
for this, but naturally has nothing to do -with it. 

Engine Temperature, although not boiling, is running very High 

Adopt the same procedure for testing the thermostat as when the 
engine boils. If the thermostat is found satistactoiy in regard to 
setting, the cause must be looked for elsewhere. 

Note , — Yarious methods are adopted for closing the by-pass — the 
sliding -shutter method being shown in Figs. I and A more positive 
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sliut-otf ininviple is shown in Fisrs. 2 and 3. All tliree are perfeetir 
satisiaetoiy. as it is not always necessary to use a design which will give 
positive close*uft’ at the bv-[)ass. Ceiierally speaking, the more efficient 
tlie cooling system the less iieeessarv it becomes to completely shut off 
the by-pass when the valve is in the full-open position. 

THERMO-STPHON-TYPE THERMOSTATS 

This type of thermostat operates on a similar principle to the pump 
type, with the exception that it is set lower, usually at 65" C., and in order 
nut to interfere with the free flow of water a butterfly valye is used. This 
type of thermostat will also fly to the full-open position in the unlikely 
event of the bellows being piuiictured. Thermo-syplion-type models are 
illustrated in Figs. 4 and 5. 

It should he noted that all thermo -syplion-cooled systems can run as 
liigli as 97' C. under hot-weather conditions. It will therefore he obvious 
that the object of the tliermostat for such coolhig systems can only be 
to ensure rapiid warming up from cold and prevent the engine temperature 
from dropping below the temperature at which the valve is set to start 
opening. It cannot prevent the temperature of the engine from running 
up as high as 97" C. Incidentally, boiling rarely results on a thermo- 
syphon cooled engine, even if the running temperature is as high as 
97" C. Many owners are under the impression that a thermostat on a 
thermo-syphon cooled engine should prevent the engine from running at 
this high temperature, but it will be clear that this cannot be so. 

Precaution when refilling Cooling System 

When refilling the coaling system after it has heen emptied, do so 
slowly, to ensure that the air is allowed to escape through the air vent in 
the thermostat. Rapid filling of the cooling system frequently results in 
an airlock and a partially filled cooling system, which will quickly boil 
and is likely to have serious results. If an engine boils and the car is 
driven, all the water will boil away, and it is possible for the temperature 
to be so high in the block that it will melt the solder on the thermostat. 

Such thermostats should be returned to the manufacturer for examina- 
tion with full particulars of the trouble. Excessively high temperatures 
— high enough to melt solder — are caused by loss of w'ater as the result 
of boiling. The thermostat may cause the initial boiling due to incorrect 
thermostat fitting on the engine. 

Bearing in mind that the liquids used in a thermostat, for pump- 
cooled engines, liave known boiling-points, it is, therefore, impossible for 
a thermostat designed so that the valve starts to open at Kf-lS"" C. to 
give running tem})eratureson the road of, say, 95'' C. It is usual to blame 
the thermostat, but this is absolutely wrong. To obtain a running 
temperature of 95' C. a liquid totally different from that employed for 
a setting of 7ir'-73' 0. would have to be used. 
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Fil /. 3. — Drop-in thermostat uimts 
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Fig. I («5c>i't'). — B utterfxv valve 

O’HEilMO-STPHON-TVPE THEK3HOSTA.T 


Fig. 5 (right). — Thermo-syphok hose- 

FrTTi:NG THERMOSTAT UNIT 



Sticking rarely occurs in a tliermostat. although it is customary for 
garages to assume that a thermostat has jammed if trouble occurs. It 
is easily proved when testing the thermostat hy observing whether the 
valve moves freely in its guide. Thermostats must he moved rapidlv^ in 
the water during the calibration test, otherwise it is not possible to check 
the setting accurately, as the sensitiveness of a thermostat is obtained 
by the flow of water over the metallic bellows. 


USE OF ANTI-FREEZE 

It is important to bear in mind, when a thermostat is fitted, that no 
water circulates through the radiator until the valve opens; therefore 
there is a greater tendency for the base of the radiator to freeze. A 
suitable anti-freeze should be used during the winter, and this should be 
added early in the season, and not left until frost appears. 
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Engines with or without a thermostat are not safe from freezing, as 
many radiators have been known to freeze up on the road even after 
the engine has been well wanned up. Heated garages or lamps under the 
engine are also insufficient. 

Anti-freeze prevents freezing up. provided sufficient is added to the 
cooling water. Lack of knowledge of this subject frequently results in 
trouble. Even a good anti-freeze can freeze up if insufficient is used. 

Some anti-freeze mixtures on the market give very poor frost pro- 
tection, making it necessary to add a large quantity to obtain effective 
protection. It is advisable, therefore, to make sure that the anti-freeze 
used will give the desired frost j)rotection. 

Full information covering the freezing-points of any recognised anti- 
freeze is published in chemical textbooks and is therefore available to all. 

Amount of Anti-Freeze Required 

The accompanying chart is given as a guide, and shows the frost 
protection which can be obtained by the use of Ethylene Glycol In- 
hibited, according to the quantity added. 

Ethylene Gtycol Inhibited (Bluecol) is a recognised non-corrosive 
anti-freeze, and gives the maximum frost protection of any anti-freeze 
on an equal-quantity basis. 

ETHYLENE GLYCOL SOLUTION FREEZING-POINTS 



Formation of Minute 


Hard Mush 

By Volume 

Crystals Slightly Mushy 

(Freez ing- point) 

\ [Maximum Safe Limit) 

Percentage 

Deg. of Frost Fah r. Deg. of Frost Fah r. 

Deg. of Frost Fahr 

10 


10 

14 

15 

U) 

16 

25 

20 

lof 

23 

39 

25 

32 

55 

30 


39 

71 


Flow’s freelv> 

Incapable of 


safe for clriviiij; 

lowing, but unlikely 
to crack: radiator or 
cylinder block. 


The graph given in Fig. d shows the freezing-points of Ethylene 
Glycol Inhibited (Bluecol) and good glycerine according to the per- 
centage by volume. 

Because of its high boiling-point and low viscosity. Ethylene Glycol is 
frequently used as a coolant instead of water on sports cars and on air- 



BLUECOL 


90° 100 IIO 120 130 140 150 ! 60 170 l80 190 20C 2I0°C 
BOILING POINT OF SOLUTION AT NORMAL 
ATMOSPHERIC PRESSURE (760MM) 

Fig. 7. — Bo ILINa -POINTS of ETHTLE:NE CwEYOOI. ACCORBIKO to PERCENTACiE BT VOI-r:viE 

This information is useful when ethyleneglycol is used as a coolant in the cooling -water 
system. 



^/( 7 . S. — The specific uravitt of ethvlese liLYcoL 
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craft engirieis. The builiiig-poiiit.-^ according to ]XM‘cciitage by vokiiiie are 
given ill Fig. T. 

Flush out Radiator before adding Anti-Preeze 

All anti-freeze products liave a teiuieiicy to loosen foreign matter in 
the radiator, and tiierefore it becomes essential to tliorouglily iiusk out 
the cooling system before adding the anti-freeze, hearing in mind that, in 
the case of an old car, where there is in all probahility a considerable 
amount of foreign matter in the cylinder block, the loosening of this 
foreign matter may eboke the radiator. Efficient cleansing of the radiator 
becomes necessary, using any well-knotni product ofleredfor this purpose. 

It is customary to blame the aiiti-ireeze if the radiator becomes 
choked — this is not the fault of the anti-freeze, hut the fault of the owner 
in not ensuring that his cooling system is properly cleansed. Once the 
cooling system is dean, a good anti-freeze will keep it clean. 

Alcohol anti-freeze is inflammable and easily evaporates at normal 
running temperatures — it should be avoided. 

An ant i-freeze must not attack the solder or metals used in the cooling 
system or thermostat. Ethylene Glycol, containing the correct anti- 
corrosive inhibitor, is known to be satisfactory. 

THERMOMETERS 

The modern thermometer coinprises a Bordon tube and a rack and 
pinion. Solid-filled tlieriiioineters are soiiietiiiies employed, but the usual 
type operates with vapour pressure. The sensitive end of the capillary 
tube is provided with a union nut, so that the bulb may be screwed into 
a convenient part of the engine or radiator when provision is made for 
screwed fixing. Alternatively, an expanding rubber connector is avail- 
able, permitting the fixing of a thermometer bnlh in a rubber hose provided 
it is of canvas ply, or in a hole drilled in a metal Avater-pipe. 

On some thermostats a screAved connection is provided for thermometer 
fixing, but if this is not so, the thermometer should always he fitted 
between the thermostat and the cylinder block, in order to obtain 
cylinder-block temperature. Radiator header-tank fixing should be 
employed only when no thermostat is provided. 



LUBRICATION AND LUBRICATING OILS 

Bs E. A. IVAXS, M.L.V.E. 

Chief Chunisf to 3rtss}\^, C. C\ Wakefield d* Co.. Lid. 

W HEN oil is allowed to fioAv between one plate and anotlier which 
is tilted, a A\"edge of oil is produced. Whatever leiicrt h that wedse 
may be, the pressure along its whole length is the same. If the 
two plates are pulled apart or pushed together without altering their 
angular positions , and the flow of oil is maintained, the pressure througli- 
oiit the film will still remain constant. At the narrowest part of the wedge 
the flow of oil is restricted, but this does not afleet the pressure within the 
film or the rate of flow, because the excess oil simply leaks out at the 
sides. Imagine now that tlie pressure of the oil feed is increased. Altlioiigli 
a greater voluiiie of oil is jiassing into the wedge, the pressure within the 
w'edge remains the same, as the extra volume escapes from the sides. 
When the side leakage is restricted in some way, the pressure within the 
wedge simply huilds up along its entire length. 

Lubrication of Shaft and Bearing 

Between a bearing and the shaft there is always a gap, which is called 
‘"the clearance.’’ The shaft is free to assume any position which eir- 
eumstances dictate. When at rest it will lie on the bottom of the beaiiug, 
leaving the greater clearance at the top, and when it rotates it will lift 
off the bearing and possibly move sideways. The running position is 
dependent upon the applied load and speed and, to a lesser extent , upon 
the viscosity of the lubricant, 
bearing creates a wedge - 
shajjecl gap through which 
the lubricant will flow. The 
oil pressure within the gap is 
all-important to eflieient lubri- 
cation, and nothing should he 
done to impair the building 
up of sufficient pressure in tlie 
narrowest ]iart of the wedge. 

A loss of pressure at this point 
of nearest approach may result 
in complete rupture of the oil 
fllm, followed by metal -to- 


Tlie eeeentricitv of the shaft within the 



Fig. 1. — Lc BRiC-VTioN or shaft a>d bcahia*! 
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metal eoiitaet, and finally melting of the bearing metal. The oil may 
be foree-fed to the bearing by a pump, where the flaw is assisted by the 
pushing action of tlie rotating shaft on the oil. 

Oil Pressure 

The dimensions of the clearance affect the rate of flow, the volume of 
oil passing, and the pressure gradient. Using a eoiistant-volume pump, 
the same volume of oO will flow through the clearance whatever its 
dimensions may be. The only variable will be the pressure. In a big 
clearance the pressure will be less than when the clearance is small. A 
liicrh oil pressure at the point of nearest approach, is essential to support 
an intensive load which may be constantly or intermittently applied. 
The engineer aims at balancing the load by the oil pressures acting on the 
surface" of the journal. In practice a release valve is inserted between 
the pump and the bearing, so that the pressure can be adjusted at will. 

The Discovery of Film Lubrication 

The modern conception of lubrication is based upon experiments made 
by Beauchamp Tower in 1883, and the immediate years following. 
These experiiiieats were made for the Institution of Mechanical Engineers. 
In anticipation of fitting a lubricator, he drilled a I-in. hole into a brass 
bearing, and found that oil poured out of it when his machine was set 
running. To prevent it, a wooden plug w’as driven into the hole, but on 
restarting the plug was forced out. He then fitted a pressure gauge, and 
discovered that the pressure in the film was sometimes as great as twice 
the mean pressure calculated by dividing the total load by the projected 
area of the bearing. 

Osborne Reynolds published Ms classical paper in 1886, in which he 
interpreted Tower’s experiments in his famous theory based on hydro- 
dynamics. He developed a differential equation for the pressure dis- 
tribution in the converging film. The lubricant adheres to both the 
moving and the stationary surfaces and, by virtue of its viscosity, develops 
a positive fluid pressure in the converging film. Ho such pressure can 
be developed between parallel surfaces. The discovery of the converging 
film has made possible important developments in lubrication. 

Alichell, inspired by Reynolds, invented his famous thrust bearing. 
The fundamental principle incorporated is a series of pivoted pads or shoes 
so arranged that they produce a converging film of oil. The pressure 
within the film Avill carry enormous loads. It is particularly applied in 
the larger hydro-electric and marine installations. 

What is the most suitable Lubricant ? 

Film lubrication need not be a chance affair. Sufficient is knOAvn to 
enable engineers to calculate the correct size and geometry of a bearing for 
a particular job. However accurately a bearing is made, it cannot 
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function perfectly without the most suitable luhrieaiit. The exp!e>-it^!i 
'"most suitable lubricant*’ is not meant to imply that tiiere is only uiie 
best lubricant for any one specific purpose. It is meiint to eiiiohasi-e 
that as much care should be given to the selection of tiie lubricant as to tlie 
design of the bearing. Tlie term "'suitable ” is chosen deliberately to 
differentiate between suitability and quality. A quality oil is one wlaeli 
is well refined. The most suitable oil for a specific purpose, however, may 
not he a quality oil, but one chosen for some special charaeteristie. whiek 
may be low coefficient of friction, high viscosity index, or jerhaps biah 
film -rupture strength. 

Changing from Thin to Thick Oil 

So far, consideration has been given only to one type of fluid. A thin 
oil will flow through the clearance more rapidly than a thick oil. To 
maintain the pressure, therefore, more of the thin oil ninst be pumped. 
On the other hand, when a thick oil is used, less must be pumped. Con- 
sequently, if a car engine is set for a thin oil and it is decided to clnancre 
to a thick oil, it may be necessary to readjust the pressure relief valve. 

“ Thick ” and Thin ’’ Oils and their Effects 

The terms thick ” and thin are relatix^e, and not definite. The 
scientist has therefore introduced methods to determine these character- 
istics in absolute units, which he describes as viscosity. Viscosity may be 
described as the resistance of a fluid to flow or to a shearing stress. In a 
bearing, the oil film is subjected to a shearing stress by the journal 
rubbing against it. When the viscosity of the oil is low the film is easily 
deformed and the fluid friction is low. Conversely, when the viscosity is 
high the fluid friction is high. As friction is usually manifested in heat 
production, it follows that any unnecessary fluid friction results in higher 
bearing temperature. This single fact emphasises the advisability of 
using as low a viscosity oil as is consistent with running conditions. A 
closely fltted bearing with small end leakage can operate siieeessfiilly 
with a low-viscosity oil, provided the film pressure is maintained by an 
adequate supply of oil. An added advantage to thin-oii liibrioation is 
that the bearing is kept cooler, by virtue of low fluid friction and by the 
rapid dissipation of heat conducted to the bearing by the large voiiime 
of oil passing through it. Further, the life of a bearing metal is greatly 
extended if it is kept at a low temperature. There is considerable evidern-e 
that white-metal bearings suffer rapidly from fatigue under liieh tempera- 
ture conditions, crack, and ultimately disintegrate. A thick oil may he 
emplox^ed when the rubbing speed is low, and wlum tlie feed is red\n‘eri. 

How Viscosity of an Oil is Measured 

Viscosity is commonly measured by noting the time f(»ra luvcii volume 
of oil to flow through a narrow tube. lu the petroleum industry tlie 
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viscometer consists of a metal container, 
similar in shape to a eyliiidrical tin bov, witli 
a siiort length of capillary tube fixed in at 
the base. The oil in the container has its 
temperature adjusted by a surrounding hath, 
tilled with Avater or oil wliich can be heated 
or cooled at will. After the temperature of 
the oil has been adjusted, a given A^oluine is 
allov’ed to How tlirougb the capillary into a 
glass graduated flask, and the efflux time is 
noted. 

In Great Britain and the XI.S.A., where 
the Redwood and the Saybolt viscometers 
are used respectively, the viscosity is stated 
in the number of seconds required for the 
outflow of 50 c.c. 

The Germans favour the Eiigler modifica- 
tion, and express the result as a multiple of 
the viscosity of Avater. 

These methods of expression are purely 
arbitrary and have no scientific basis. The 
best that can be said for them is that relative 
terms as '' thin and thick can be classified 
nuinerically. For purposes of scientific 
lubrication a mathematical expression is 
essential, and is available. Sometimes the results are giA^en in centipoises, 
but the more up-to-date unit is the centistoke. Such absolute units are 
measured in seientifieaily designed Auseometers. 

How Viscosity changes with Temperature 

Tisco.sity being a propierty subject to tenijieratiire variations, it is 
essential to record the temperature at which the viscosity is measured. 
Very approximately the Auscosity of an oil falls 2 per cent, per degree 
Fahrenheit rise. If. instead of giving the percentage change, the viscosity 
is plotted against temperature, on graph paper, cur\^es can be drawn Avliieli 
will give a pictorial representation of the change of viscosity Avith tein- 
perat lire. Oils a\ ith a large change will liaA^e a steep cuive, and those Avith 
a small change will haA^e a Hatter curve. Hence }^eople speak of oils Avitli 
a steep or a flat viscosity curve. Again a diliieulty arises — Iioav steep or 
how Hat ? The |>roblem is at tlie moment surmounted by resorting to 
numerical values. As Pcnnsyivaniaii oils have flat curves, they ha-A’e been 
given a value of 100. and the steep-curve oils, such as the Coastal, a value 
of 0. By a graphical method, comparisons with these two classes are 
possible and the result is given as viscosity index. 

It would be improper to suggest Avliat the A^iscosity index of a good oil 
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shuiild be, ill \Le\Y of price eon- 
sideratioiis and otlier factor^. 

Suffice it tu say tliat popular 
proprietary jirades of motor oils 
vary from to lOo aeeorcliiig t^j 
their viscosities. 

Why Lower-viscosity Oils are 
gaining in Favour 

Through improved forced-feed 
liihrication combined with better 
engineering practice, lower- 
viseosity oils are gaining in favour, 
not merely as a fashion but as a 
scientific possibility . Reference 
has ali'eady been made to the 
reduced fluid friction in thin oils, 
and to lower bearing temperatures. 

It must now be apparent that as 
high-viscosity index; oils are in use, 
a considera ble sacrifice of viscosity 
at atmospheric temperature is 
permissible without loss of vis- 
cosity at the worMag temperature 
of the engine. A few examples will make this clear. 

Viiicositi/ Index: Vi{>'C 06 it^ at 70 ' t\ 



1,500 seconds, Kedvvooi i 
370 eentistokes 

tiO Tr-^.ivw 

15 ce’.it >t< kes 


2,600 seconds. Redwood 
640 eentistokes 

-ocoikh, HohIw^. 
k> '-L-'e-litiStOriCS 

102 

7o0 seconds, Redwood 
185 eentistokes 

lO eentistokes 


1,300 seconds. Redwood 
3::20 eentistokes 

53 SiOCO'nis, Tkelvvo 
lu cent istv^kt's 



This shows the ehiiiige hi \‘isL’o.-ity with 
temperature for a narnber of diitere!;t cilf. 


Lubrication at the Moment of starting the Engine 

At the moment of starting a petrol engine, the moving pait> rely 
the residual oil on them for their lubrication. Before tiiev se^'iire an 
efficient tilm, oil must be pumped and delivered. Tin* .speed nt delivery 
is controlled by the TLscosity of the oil at the temperature ui starting. At 
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n very k»\v teiuf jerat ure the oil may be so viscous as to be iinpumpabie. 
At a liiabier teiii|‘erature puiii|>iiig beeoiiies possible, but its projection 
tv tlie pistons takes several uiiniites, and tinally a temperature is reached 
to permit rapid cireidation. Tem|>erature and viseosity are so linked that 
they must be considered together. With descending teinperatnre the 
oil ahvays increases in visrosity, and ultimately becomes like a non-fluid 
petroleum jelly. It is essential, therefore, that there shall be set a 
iiiaximiim viscosity at the lou'est starting temperature, in addition to the 
minimum viscosity at the working temperature. 

The user need not in general worry- about these facts, because they are 
agreed between the engine builder and lubricant producer. An oil in the 
temperate zones must nowadays he satisfactory down to 10"^^ F., and even 
lower. For arctic temperatures speciallv low cold test oils are necessary. 

The Oiliness of a Lubricant 

Oiliness of a lubricant is an essential qualification about which little 
is accurately known. ZTany attempts have been made to measure it, 
without inueli success. This need not eliminate its consideration. In 
film lubrication, however, fluid friction is the main factor, simply because 
the metal surfaces are too far apart to be influential. That is not so w^hen 
the surfaces are an infinitesimal distance apart, when film lubrication has 
given place to boundary lubrication. Boundary lubrication depends 
upon the ability of the lubricant to adhere to the metal surface. An 
insufficient adherence renders a fluid a non-lubricant. To explain why 
some fluids possess adherence and others do not involves scientific explana- 
tions ■which are outside the sphere of this article. Suffice it to say that 
every substance is composed of very minute particles called molecules, 
some of which are attracted hy the molecules of another substance, in 
much the same wav as iron filings are drawn to a magnet, and held there 
until a force greater than the magnetic force is applied to push them off. 
Thus the adsorbed layer of a lubricant has a film-riipture strength equal 
to the attractive force between the oil molecules and the metal molecules. 
Any force greater than this breaks the film and allows the two opposing 
metal faces to come into contact. The oil molecules arrange themselves 
in a very definite way on the metal surface. Petroleum molecules stand 
vertically, and simply bend over when a rubbing force is applied, like the 
bristles in a brush. Fatty acids, on tlie other liand, orient themselves 
at an angle of about C4 y and incline to an angle of about 5" when a rubbing 
force is applied. Furthermore, the fatty acid molecules form small units 
ot five molecules, arranged with one molecule at each corner of a rectangle 
and o!ie in the middle. This s|>ecific grouping draws an important dis- 
tinction between petroleum or hydrocarbon lubricants and fatty oils 
which are compounds of fiitty acids and glycerine. The static friction, 
or friction at the moment of starting, is of the order of 0-3 when using 
hydrocarbons, and about 0-1 with fatty oils or acids, except in the case of 
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castor oil which is about 0-03. The lowco-ettirieiit uf irh^um nf tatty Mil- 
renders them exceptionally useful in boundary luiu'icatijn. 11 |a‘cuii.ir 
property of the orientation of fatty oil moleeiiles h enuliasised i rlie fiet 
that as little as 1 per cent, of fatty oil in a petroieiini oil will irive a starit- 
friction equal to that of the fatty oil. due to the selective adsor|)Tiuri c.tf the 
fatty oil by the metal surface. Under ruiiiiin<r eonditioiis siieli a siiiau 
amount of a polar body may be inadequate to provide the iieeessarv 
oiliness. 

Extreme-pressure Oils 

Until recent years any force greater than tku which woiiiti rupture 
an oil film eonld only be met by uitroducinir into the oil ^nmpiiite. uiiea, 
or some other solid lubricant. Solid liibri cants, however, present ditH- 
cultiesiii application, mainly owing to their tendency to separate from an 
oil. Naturally, tfie finer the solid p^artioles are, the longer will they remain 
in suspension. To obtain, therefore, the best suspension, the particles 
should be exceedingly small and the oil as viscous as is conveniently 
possible. The introduction of the hypoid gear into rear axles has focused 
increased attention on film-rupture strength. Although the hypoid gear 
is not extensively used in British cars, it is used freely in American cars : 
hence it is incumbent upon students of lubrieatioii to familiarise tlieniselves 
Avdtli this innovation. The characteristic of a hypoid gear is the high 
tooth pressure together with considerable rubbing or sliding. This com- 
bination of forces strains the lubricating film even to destruet ion . depietin 
the result in a pitted or scuffed metal surface. To overcome the niptui 
of the oil film, certain compounds of sulphur, chlorine, or phosphorus can 
be added to the oil. Such compounds do not in themselves act as lubri- 
cants, but produce on the metal surface a piartieular form of oxide whiela is 
quickly transformed into a very hard and very thin layer ur coati!i2 wliifli 
is known to scientists as a Beilhy layer. This layer carries the burden very 
efficiently. Hypoids have developed, and the loads iuteiisitied. witli tlit* 
result that the mild extreme -pressure Inbrieant has lu‘come insuttieieiit for 
the latest development. The still more active lubricant is known as tlie 
hypoid lubricant. Eesearoli is now revealing that if a better finish is 
produced on the rubbing surface the hvpokl lubricant is in a st> essential. 
The drift, therefore, seems to be backwards towards the mild extreme- 
pressure oil. The applicat ion of this ]minei| )le to engine oils is rcuiipiirated 
by the high temperature of the [u’ston. It is too early to record suceesscs. 
Suffice it to say that much encouraging re.-^eandi has been thoie. <-nui im.Mi 
extreme-pressure engine oils can be produced. 

Carbon on the Piston Crowns 

An oil in its travels in an internal-combusticin euiiine enr. araitci's ueat. 
Kot air, exhaust gases, and metal surfaces. Individually and t-. jht'ii ivc:y 
they decompose the oil. The oil is pumj^ed trom tlie eimnic siunp tiuoiUMli 
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the ensiiksliaft to the l;>earin^s. and then shot cnit with siilLeierit velocity 
to atoniLe it and project it to the cylinder walls, where it is picked up by 
tlie phions and transpoited to the hot 7.one at the top of the piston travel, 
uliere it is exf'M>sed to the flame of the burning fuel. 

There is a belief tliat the ineandeseeiit gases burn the oil. and leave a 
solid residue of carbon on the piston crown. Certainly the deposit is 
black and has tlie a]>j>earance of coke, but appearances may be proved by 
seientilic nietliods to be misleading. Clieniieal analysis has proved that 
cMiinbiisti(ja%s[>^^^ contains up to 21 percent, of combined oxygen. 

This revelation is of great importance, because it reveals the fact that the 
so-called “ carbon is neither carbon nor coke, but highly oxidised 
hydrocarbons. If it were coke it would be almost 100 per cent, of ele- 
mental carl)oii. Carbon being insoluble in organic solvents such as 
petrol, benzene, and ehlorofoTm , has misled people into believing that if 
the combustion-space deposit is intimately mixed with benzene or 
chloroform to extract anything which is soluble, the remaining insoluble 
portion is carbon. 

Clieiiiioal analysis of this insoluble matter has shown that it may 
contain up to 25 per cent, of combined oxygen, so it is material which is 
even more oxidised tliaii the soluble portion. How much free carbon is 
present in the deposit is exceedingly difficult to estimate. In Diesel 
engines occasionally the total carbon, which must include combined and 
free, is unusually high. This strongly suggests that free carbon is present. 
The presence of free carbon would be exjiected when black smoke is being 
emitted from the e.Khanst. Oenerally the composition of Diesel-engine 
deposits is similar to that of petrol engines. 

Methods of improving Lubricating Oils 

The petroleum industry has spent vast sums of money on research 
to improve lubricfiting oils. The three principal lines of attack have been 
re lining, alteration, e.g, hydrogeiiation, and use of inhibitors. During 
the last fcAv years the revolution in methods of reflning has vastly improved 
the oils in a variety of ways. The demand for longer intervals between 
oil drainings and decarbonising has led to the production of oils wliich are 
more immune to oxidation. Refining removes the constituents of petro- 
leum which are readily susceptible to oxidation, but over-refining robs 
the (ct oi valuable ingredients. A line of demarcation betw^een refining 
a.nd over-retinina is consequently necessary. The position of this line 
is sunietinies exceedingly difficult to locate, owing to the balance of require- 
ments, Suppose that an engine is designed, either inadvertently or pur- 
poscly. to rely on boundary lul>iicatit>n, a full quota uf oiiincss compounds 
must be left in the oil : alternatively, if it be constructed for complete 
tilni lubrication, a little over-retining i.s ])ermitted to limit oxidation. A 
compromise is sometimes obtained by adding oxidation inhibitors. Yery 
little success has been obtained with those organic inhibitors which retard 
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the oomljinatiuii uf liydri >i*ai*bu!i< with atiiK'-'^pherii/ ^xyutu. Gipater 
-success appears to have been reached by the ailditiuii inetaiHc to 

tiie oil to elivniimte the auxiliary oxiulisiug intiiience of tiie iron -nrCiee-. 
Iron and capper, either in the metallic state or a> eavano-iiietallic eoin- 
pouiids, have a pronounced deleterious action on all liilnicatin^ oils : Lciilc 
anytliiiig which can be done to cheek their activity will result in irreater 
longevity of the oil and cleanliness of tlie engine. llirMnduiii and tin 
plating are being stiKlied with the same object in view. 

Ring Sticking and Sltidge 

Ring sticking and sludge in the crankcase are ot her nianifestations of 
oil oxidation. Ring sticking is frequently attributed to an excessively' 
high temperature - It has been found, however, that if the fault caimot 
be cured by a change of oil, or a reduction in temperature, considerable 
relief can be attained by^ the use of tapered rings. Siicii a change iieeessi- 
tates a change of piston to accommodate the special rings. This change 
may not be convenient, so it is pleasant to remember that eheinical ecun- 
pouiids, called detergents, can be added to the oil to keep the deposit from 
forming in the ring grooves. Some care is necessary in selecting these 
compounds, because they do not all behave amicably’ with copper-lead 
or cadmium -alloy bearings. 



SYSTEMATIC FAULT DIAGNOSIS 

By S. G. Ml'NDY. M.I.E.E., A.M.I.A.E., M.I.M.T. 

W HEN a ear owner visits a garage and complains of missing, slug- 
gish engine, poor acceleration, hard starting, etc., the correct policy 
is immediately to check over the car, using the proper equipment 
and following the correct system, so that the owner can be shown the 
causes of his trouble — in other words, the alteration which, has taken, 
place from original standards of adjustment, and what replacements or 
rei)airs are necessary to restore the standards and therefore restore 
j>erformanee. 

The same policy can, wherever possible, be followed when a car owner 
asks for his plugs to be cleaned or carburettor to be adjusted. It should 
be recognised that the reason the ear owner asks for this service to be 
carried out is because he has noticed a falling-olf' in the performance of his 
car. Had a loss of performance not been noticed, it is improbable that he 
would have asked for the adjustments to be made. 

The owner may feel that all he needs is to have the carburettor ad- 
justed or plugs cleaned ; what be really needs and expects is to have the 
performance of his car restored.” 

With modern ecpiipment it is an easy matter to check over any car in a 
systematic way in order to determine the service needed to restore 
performance. 

It might be thought that such a complete examination would take too 
long tu be practical. This, however, is not the ease, because, provided 
the correct instruments are available and the proper system of testing 
is followed, it is possible to make a complete examination of any car in 
from thirt y to sixty minutes, according to the type of car and the number 
of cylinders. 

The Essential Equipment 

The essential equipment required to do this is : 

(1) A vacuum gauge, for checking engine mechanical condition and 
cylinder balance : for verifying condition of ignition and carburatioii, 
and for checking and resetting ignition timing and carburettor adjust- 
ment . 

(2) A voltmeter, for checking the ignition system, contact-breaker 
points, and for making electrical tests, etc. 

(3) All ammeter, for checking battery consumption, ignition -coil 
e(>nsuin})tion, and for making electrical tests. 

304 
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(4) A spiirknieter, for rluvkiii^ i|M[nitioii higli -toiKsiun systt-iii. and test- 
ing and adjusting sparking plugs, etc*. 

Testing and Tuning Chart 

Illustrated is a complete chart vvhicli outlines an easy and proved 
metliod of cheeking over any car in a systematic* way. This chart siiow s 
the sequence of the various tests, gives diagrams of the connections, in- 
dicates the readings for normal performance, and also gives indications of 
any trouble as shown by incorrect readings. 

Test should be carried out in the same sequence as given in the chart, 
and as follows : 

1. Battery and Starter 

Make connections as indicated. With ignition operate the starter 
and note the reading on the voltmeter. If tlie voltage is less than 1) 10 
volts with 12-voIt system, or 4i/5 volts with 6- volt system, it indicates a 
defective battery, starter cables, or earthed connections. 

Test L (a). — At the same time as the above test is made, the ammeter 
(GOO-amp. range) can he connected in series with the starter to battery 
cable, or if a ‘‘ Tong Test ” ammeter is available, it can he clip[>ed around 
the starter-to -battery cable and a cheek of the current consuniption made. 

The consumption should be compared with the standard figures for 
the type of starter and, if excessive, the starter should be examined. 

If topping-up or recharging or reeonditioiiing is required, advisee 
customer. 

2. Engine Mechanical Condition 

This test verifies the mechanical condition of the engine. It is made 
by connecting a vacuum gauge to the induction manifold. Drill and tap 
the manifold 3BA, using a drill smeared with grease, inserting the attach- 
ment in the vacuum-gauge hose, and screwing this into the tapped hole in 
the induction inanifold. 

With tlie throttle completely closed and with the lead to the coil 
SV\^ ” terminal still disconnected, as in the preceding test, carefully note 
(lie vacuum reading. This should be approximately as follows : 

With a single carburettor — 15 in., with slight even pulsation. 

With a twin carburettor — 12 in., with slight even puls^itioii. 

With a triple oarluirettor — -10 in., with slight even pulsation. 

If the reading tiiictuates in excess of about I in, or is irregular, it in- 
dicates vaK'e trouble. A low and unsteady rcadiiig also indicates valve 
trouble. If the reading is low and steady it suggests air leaks in the 
induction system. The carburettor should be cheeked. If the reading 
is unduly high, a compression test should be made, as it suggests possibility 
of bad bores. 

Ai.R.o, IV. — i!C) 
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ELPXTHU'.AL AND AllES'^ORA’ KgUIl'MEN 


TESTING AND TUNING CHART 


1. B.\TTERV .\X1) STAKTEK 


l&NlTiCW 
SWITCH T 


SWITCH IN 
3D W. POSITION 




- 5i i5o 

O’ 


pHftS5i5 



«1 1 U»»» If 0 r iTMl Ml 


A. Diiscoiineft lead froni “ S\\' ’’ 
terminal of igiiit ion coil and re- 
CDiineet it to one lead of 
voltmeter. 

B. Clii) tong-test ammeter round 
“ starter to battery ” lieavy 
eahlo. 

L\ With ignition o^^ operate star- 
ter. Koto voltage reading on 
voltmeter, ^^ot© current read- 
ing on ammeter . 


If VOLTS Rmd~^ 

■ LESS than 0 10 VOLTS 

(l:l-volt system) 
LESS than 4| ;5 volts 

(6- volt system) 


If AMTS Bead— 

ABOVE JKOKMAL 


lA'DlCATES— 

Defectme battery, starter cables, or 
earth connection. 


INSPECT— 

Starter, starter switch, and starter 
cables. 


1*. EIN'GINE (with engine warm) 



A. Connect vacLuini gauge to intake manifold. 

B. Coniphtiln close throttle. 

C. AVitli lead to coil “ S\V ” tenninal still discon- 
nected, press starter and note I'cadirig. 


Correct Bcadi ng : Steadg or oxh/ slight and ngular jmhsa- 
iions, atfollvu'i ng lerclis — 


S-INGILE Carburettor loin. 

TWIX Carburettor llMa. 

TKIPLE Carburettor It) in. 


If HKADING— 

FLUCTUATES in excess of normal pulsation 
LOW AND UNSTEADY 
LOW AND STE.ADY 


IN Die A TES— 

Valve trouble. 

Valve trouble. 

Ail* leaks in induction ; 
clieek carburettor. 


UNDULY HICK 


Cht'Ek for bail bores and 
re-lioring (cojitirni by 
eoiiipressioii test). 



SYSTEMATU^ FAUl.T DTA(5Y()SIS fvoi. iv] mi 


Testing and Tuning Chart cnutltiHPd 

3. K IN IT ION' 


IGNITtON 

S1V9TCH r 


SWITCH IN T* I'/ 

SOAHP POSITION V -., y 

30; '^600 


A. ('onnoct one asniiit'^tor leatl to diHCuii- 
ntM.'ted wire from IMS il S\V ” tenninal. 

B. (\>nneet othor amne^ter lead to the 

c.*ail“SSVV ”termif)Al. 

C. iloae the eontart -breaker |w>int», aiul, 
with eiigirse 5<tationHr3% lude the 
ammeter rt'adhig. 


12 -volt system. 


Correct Heading Jit : 


b-veilt svtsUnn. 


2| amps., with v’ariatioii not lucre than 
2|^ to 2 1 amps. 

TJ HEADI.Va ~ 

HIGH 

LOW 


4 amps., with vtiriation not more than 
:3| to 4 1 

IXUlCArES--- 

Defective ignition c'oil or abort -eireiiits. 

Defective <*ontaet -breaker points, poor 
connections, broken wire, or Iwl earth. 


4. DLSTRIBUTOH 


SWITCH IN 5V. POSITION 
OR IM 

MILLIVOLT POSITION 


(tr 




A. Reconnect ignition switch leail to 
coil “ sSW”’ terminal. 

B. Connect one ammeter lead to con- 
tact br(*ak*T and the other lead to 
earth . 

0. See that eent act -breaker |>ointa are 

L . still closed and voltmeter switeh set 
in 3- volt position or lull milliv'clt 
position if voltineter lia.'i millivolt 
scale. 


7/ VOLTS Lead— 

NOT GREATER than tH>5 volts (50 millivolts) 
OVER volts (f)(> millivolts) 

liVER 0-075 to 0-1 (75 to lOO millivolts) 


r>. C.XRBURETT’OR 


i.VD/('drA\S— 

Coiitai't points eftieient. 

Contact points iietni 
cleaning. 

Check distributor for 
Io<.*se coniieetioiis, con- 
tact breaker points for 
ailjustment or replace- 
ment . 



A. With vaeiiuni gauge connected to intake raaiufold (as in 
Oponitioii Ko. 2), run engine at idling speed and note 
reading. 

R. .\djust carburettor slow-running jet for liighest steatl\' - 
vaoiimn reading. Give ** hurst '' of sptvtl and note 
etfect. 

Jf vaeiiurn beeiunos more fiteady, try adjust irii: car- 
burettor at sli^thtly iiiglu»r idling sjH'cd. 
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Testing and Tuning Chart— rout hi i(al 

G. Il.\L.VN'CKn RUX^•I^•G 

A. Witli vaeuiiin gauge eonneeted as in previous operation, short-circuit each 
cylinder in turn with screwdriver and note drop in vacuum reading as each cylinder 
is cut out. 

Six- or E iff ht -cylinder Engines : When testing six- or eight-cylinder engines, two 
or more plugs can l>e earthed in turn to throw engine tenuporarily out of balaiK‘e for 
<*k*arer indication of vacuum drop per cylintier. 

IJ VACrUM OAVGE Meads— INDICATES— 

ANT ONE cylinder giving smaller drop than others . Check for trouble 
TWO OH MOBE cylinders giving small drop . Usually valve troxible. 

When only one cylinder gives small droffp — check for poor rings. (Com- 
pression test can be used to diagnose cylinder condition.) 

7. ELECTEICAL 

A. Connect one voltmeter lead 
to ignition coil “ CB ” terminal 
and other to earth. 

B. Run engine at fast idling 
speed and note voltmeter 
reading. 

INDICATES— 

Wide contact-breaker points, charging 
rate too high, loose, dirty, or corroded 
charging -circuit connections. 

Mechanical distributor fault. 


1} VOlTSBead— 
HIGH 

ENSrEABY 



LOW . . Contact points too close or poor connec- 

tions in ignition low -tension circuit. 

TENSION 

A. Disconnect each plug lead in turn. 

H. Connect one sparknieter lead to the 
end of the plug lead and the other 
sparkrueter lead to earth. 

C. 8et the sparkmeter gap at 7-3 mm. 
aiul note if the sparking at the gap is 
regular. 

INDICATIONS 

I mportani. — S]^arking should he uniform. 

If MISSINi IN Die A TES— 

On ALL L€>ads ...... Defective ignition coil, con- 
denser, contact breaker, or 
distributor rotor. 

On ISOLATED Leads .... Defective distributor cap or 

defective plug lead. 

Note . — In all cases involving the use of the .sparkmeter, the lca<l connected to the 
“ live ” side (non -adjustable point of gap) shouM be <*onnected to the “ feed ’’side of 
the high-tension circuit (nearest the <‘oil). 
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Testing and Tuning Chart - owiinued 


9. sparkint; plugs 



S PAR KMETER 


A. Onineft cme spurkiiu'ttT k‘a«i tri eai‘h 
phi^; terminal in turn asul the other 
sparkriioter load to oarth. 

B. (i^ Adjust spark meter gap to 4 luoi. 
(ii) Adjiist gap to 1-11 mm. 


IS'DWATroXS 

M PITER GAP set at L mill. . , . . SPARK. 

METER GAP set at L~l| imn. . . . REGULAR SPAHKIAXL 

Note . — There sliould be regular liashiiig at neon tulje in both cases. All plugs 
uniform. 

Jf FZVQS— INDICATES^ 

Do not comply- with these conditions . Plugs should l>e cleaned and 

adjusted or replaced with 
new plugs of correct type. 

Ill SOUK? cases regular sparking is ditticult to olotain at l-l j- uitii. In such eastvs 
accelerate the engine, and if regular sparking is obtaiiietl during the accelerating 
period the condition of the plugs can in most cases be acwpteci as satisfactory. 

10. FINAL TUNI:NG 

A. Make final adjustments to carburettor as in Operation No. 5 until highest 
steady-vacuimi reading is obtained. 

Richen carburettor luitil you see the vacuum needle just alK»ut to drop ; 
this is the point for maximum power and aceeleratioii. 

B. Slacken distributor head and advance or retard ignition until highest steady 
reading on v^acuiun gauge is obtained. 

C. Then retard ignition until the vacuum gauge drops approximately down to | in. 

THJSrOMPLKTKS THE VUNINa SEfnK'K.AND THE CAE ('AX .VOIP BE 
HAXDED 0 VEE WITH Jx^ErOETOF AX Y FCRTHEE EERVICE REijClREl^ 


3. Ignition Test 

This h a test of coil oonsiiiaption whieli will iiidioate uetieral eon- 
dition of the ignition srsteni. Coiiiiectioiis should be made as indicated. 
Close the coiitaot-breaher points and, with the engine st at ionarv. note the 
ammeter reading. Witli a l:2-vt)lt system it siiuiild he within -] to 2^ 
amps. With a b-volt system it slioiild he within Ah to 4i amps. 

If the reading is high, it indicates a defective ignitimi coil or short- 
eirciiits. If the reading is low, it indicates defective contact-breaker 
points, poor connections, a broken \vii*e, or bad earth. 
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4. Distributar (Contact Points) 

Make eoiiiiections as indicated. Witli the contact-breaker points 
closed and the voltmeter switch in tlie lo(>-iiiilli-volt |)ositioii, note the 
reading. If this Ls not greater than 5U 75 inilli -volts, the contact points 
can l)e passed as efficient. If the reading is over 50/75 inilli- volts, the 
|K>iiits require cleaning. If over 75 to 1(H» niilli-volts, the distributor 
should be checked for loose connections and for eleaniiig and adjustment 
or £)robal)le replacement of tlie contact-breaker j)oints. 

5. Carburettor 

With the vacuum gauge connected to the induetion manifold, as in 
(‘heck Xo. 2 , run the engine at idling speed and note the reading. Adjust 
carburettor shov -running jet for the highest steady-vaeuuiii reading 
which can l)e obtained. Give a “ hurst ’* of speed and note the effect. 
If the vacuum becomes more steady, try adjusting the carburettor at a 
slightly liigher idling s|>eed. 

This is only a preliminary adjustment. Pinal adjustment is made in 
Check Xo, 10. 

6. Cylinder Balance 

With the vacuum gauge still comieeted as in Olieek Xo. 5, short- 
circuit each plug in turn witli an insulated scTe^\’driver. Note the drop 
in the vacuum reading as each cylinder is cut out. When testing six- or 
eiglit -cylinder engines, two or more plugs can be earthed in turn to throw 
the engine temporarily out of balance, which will give a clearer indication 
of vacuum drop per cylinder. 

If the engine is pro jxu'ly balanced, the vacuum drop should be uniforrn 
for each cylinder. If any one or more cylinders give a smaller drop than 
others, a further examination should be made for trouble. Details 
will be found in the section How to make a Complete Analysis.” 

7. Electrical Check 

Make voltmeter connection, as indicated, with voltmeter at 3(J-volt 
range. Pun engine at last idling speed. The voltmeter reading should 
be approximately half the battery voltage, and steady. 

If the voltmeter reading is high, it indicates wide contact-breaker 
}>oints, charging rate too high, or loose, dirty, or corroded charging- 
circuit connections. 

If the reading is unsteady, it indicates a mechanical distributor fault. 
If the reading is low, it indicates contact points too close, or poor connec- 
tions in the ignition low -tension circuit. 

8. High Tension 

Disconnect each plug lead in turn and connect one sparkmeter lead 
to the end of the plug lead and the other sparkmeter lead to earth. With 
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the sparknieter ^i|) at 7 to Smin.. sparkiiiir siioulil l>e rei^ular aiif! iiiiifcirin 
for all leads. If inissinii: taken plare (ni all leads, it in«lic*ates defect ivt‘ 
ignition coil, condenser, contact d)n‘aker jKiints, or distri!»iitor rotor. 
If missing takes j)la<*e on isolated lejids, it indicates deftnctive distrihutur 
cap or ])liig lead. 

Xoip .— Whonexer the s{)arkmeter is used, the lead eonneeted to the 
live side (iion-adjustable point of the- gap) should lie euiineeted to the 
feed ” side of the high-tension circuit (nearest the coil). 

9. Sparking Plugs 

Connect one sparkmeter lead to each f)lug terminal in turn and the 
otiier sparkmeter lead to earth. 

With the sparkmeter gap adjusted at 4 mm. tliere should be regular 
flashing in the neon tube, but no sparking at the s[>arkmeter. 

Now reduce the gap to 1 to l.| mm., when there should l>e regular 
flashing at the neon tube and regular sparking at the sparkmeter gap. 
If the plugs do not comply with these eonditions. they should be removed 
and cleaned and adjusted, and, if this does not overcome the difficulty, 
replaced. 

Note . — If regular sparking is difficult to obtain at 1 to l.J mm., ac- 
celerate the engine ; if regular sparking is then obtained, the condition 
of the plugs can, in most cases, be accepted as satisfactory. 

10. Final Tuning Adjustment 

First make final adjustment to the carburettor, as in Check No. 5, 
until the highest steady-vacuum reading is obtained. Richen the car- 
hurettoT until the vacuum needle is just about to drop ; this is the jmint 
for maximum power and acceleration. Slacken the distributor head and 
advance or retard the ignition xintil the highest steady reading on the 
vaeinnn gauge is obtained. Then retard the ignition until the vacuum 
gauge drops approximately down to .1 in. 

The service includes both these adjustments. 

This completes the “ tuning service,” and the car eati now Ik? handed 
over to the car owner — with a rejmrt of any additional service recom- 
mended . 



STARTER DRIVES 

DESKilN, OPERATION, AND SERMCE INFORMATION 

By E. T. LAW, SON EEL:\IR 

T he drive or coupling bet^veen the starter and the engine must 
aeliiev’e the purpose of initial engagement, witli a degree of 
elasticity in order to absorb the sudden stress Avhen the rotating 
armature shaft be<*omes meshed Avith the stationary ilywlieel, and 
aiitomatioally to disengage the drive when the engine starts and overnins 
the starter. 

The Bendix ’’ Drive 

The Bendix" drive, dev’elojied from early designs, eonpuises a 
sleeve with a “ quick " square thread on wliitdi the pinion rides, the latter 
being threaded internally to correspond to the sleeA^e thread, lihe a nut on 
a lK)lt. The sleeve fits over the armature shaft but is not secured to it. 
A driv’^ing dog is keyed to the shaft, and the fiat steel coil-spring links the 
dog to the sleeve by studs screwed into eacdi, round Avliich spring ends are 
looped. The dog stud has an extension entering a hole in the shaft to 
act as a locating peg, while the sleeve stud has no extension, and clears 
the shaft. The iawTird side of the driving dog is formed Avith a fiat on 
each side, while a corresponding collar is located in a grooA^e on the sleeve, 
tliese being engaged like a dog clutch, the other end of the sleeve being 
closed by a riveted-on ring. The inward side of the jhiiion has a I'ing 
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riveted on, one side beiii^r inacdiined, so that the {KTipheral wei^dit is 
unequal. A small sprino-loadod pin prnjec*ts throu|rh a hole in the rin^^ 
and bears on the sleeve. Fi;o. I shows an out line of t lie eonstriic*tioiu 

Operation of Bendix Drive 

When the starter accelerates from rest, the imbalanced inertia of tlie 
Aveighted pinion causes it to lag behind in sjm^d. so that the sleeve, in 
eHe(*t, screws out of the pinion, and the latter advances, uuH.ns. and meshes 
Av ith the tiywheel teeth , screwing hard against t lie slet‘ ve (‘ollar. The pinion 
and sleeve meet the resistance to rotation of the flywheel and, the drive 
being transmitted from shaft dog to sleeve through the spring, the latter 
tends to wind up, providing resilient coupling. The dog clntidi allows 
the sleeve to slide on the shaft to a limited extent. 

When the engine starts, flywheel resistance to the drive is removed, 
and tlie engine overrun causes the pinion to rotate faster than the sleeve 
and starter shaft. The pinion immediately screws back and retreats out 
of mesh, disconnecting the drive. 

When the engine is running and the starter at rest, the pinion is 
restrained from travelling along the screw by the pressure of the spring 
jilunger peg, which wedges the pinion on the screw tightly enough to 
prevent creeping ” but allowing inertia action to urge the pinion forward 
on starter acceleration : the imbalanced ring- weight “ im wedging ” the 
thread. The principle is the same for both out board and inboard designs. 

Lucas Compression Brive 

The same purposes are achieved in a different manner in the Lucas 
compression drive, the spring in this ease cushioning the drive hy com- 
pression instead of by torsion. Fig. 2 shows an inboard drive of this tyf.>e. 
The shaft is splined, and the scrcAv^d sleeve intenuiUy cut to a sliding 
fit on the shaft, the splines ensuring positive rotational eoup>ling. There 
is 110 riveted- on collar, the inward end of the sleeve being ojieii. The 
pinion moves spirally on the screwed sleeve, but has no inertia ring- weight 
or spring plunger. A heathy eoil-spring is fitted betv\een outward end of 
sleeve and shaft nut. The shaft drive-end bearing journal is in the form 
of a flanged barrel ])Tessed on the shaft, and a liard steel thrust-ring is 
interposed between the open end of the sleeve and the outer edge of the 
journal. When the shaft nut is serewed home and cotter-pinned t4) the 
shaft, the spring is slightly compressed . A running clearance* is allowed 
between thrust -ring and bearing face. 

Operation of Lucas Compression Drive 

When the stcarter acceler^ttes, the ]>inion lags tlirough its own inertia, 
advances along the sc'rew and nie.slies with the fiyAvheel, when resistaiue 
to rotation causes the |)ini()ii to hear haul against thrust -ring iiml hearing 
joiii'iial. ( V)n tinned turning effort of starter tends to snew tli(‘ slecvt* 
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SHAFT h/UT DR fV£ SPRING PINION THRUST COLLAR BEARING 



SHAFT 

Fig. 2- — Compression? drive (in^boajip pattern) 

out of the pinion. As the latter cannot move farther endwise, the sleeve 
moves along the shaft, compressing the spring against the shaft nnt — the 
nut also having a hard-steel thrust-ring. This provides a degree of 
cushioning to absorb the torsion strain on initial engagement. 

When the engine starts and overruns the starter, the pinion accelera- 
tion eases the thrust pressure, the sleeve screws in under spring pressure, 
and the pinion rotation causes it to screw back and retreat out of mesh. 

A Later Type 

A later variation, now commonly’ used , is shown in Tig. S as an outhoard 
drive. A bearing collar replaces the shaft nut, the thrust direction is 
reversed, and a pinion guide sleeve is fitted, with shorter screwed sleeve. 
A light wire spring is interposed between the bearing collar and pinion, 
embracing the guide sleeve. The spring is compressed the pinion 
travel on engagement, but assists the retreat of the pinion and prevents 


oureoARO bearing collar screwed sleeve spuned 

SCREWED & pinned TO SHAFT TO SHAFT 



Fig. 3 — €oM:?RESsioNr drive with pinto?? oi'ide and RETATisrTi>?a sprin’o (otjtboaed 

PATTERN) 
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creeping along the sleeve when the engine is running. A etsllar fermed on 
the pinion, or separately assembled, has aii internal here t*^ enclose the 
release 8|)ring when the jdnion is fully nieshed, also conveying the |>inion 
thrust to the bearing collar. Note that in this design, tlie main spring 
carries the thrust load, but tlie drive torsion is transmitted from the shaft 
to pillion v’ia splines. 


Delco-Remy Clutch Drive 

Another design with interesting features is the iJeleo-Reniy einteh 
drive. The sleeve is spliiied to the shaft but is not on a screw. A hous- 
ing fixed to the back of the pinion contains a free-wheel roller dutch, 
whicii transmits drive from sleeve to jiinioii. A grooved collar, freely 
mounted on the sleeve, is held against a flange thereon by a wire compres- 
sion spring. A forked lever, pivoted to a stud on the starter carcass, 
embraces the grooved collar, small rollers being fitted at the fork ends and 
bearing against the collar flanges. 


Operation of Delco-Remy Clutch Drive 


Engagement of drive is direct by lever action, tlie fork sliding the 
sleeve assembly along the shaft to engage tlie pinion with the flywheel 
gear teeth while the starter is stationary, the switch action being inter- 
eoupled wdtli the lever. The switch is closed by the lever when the drive 
is engaged and the starter accelerates under full load. If the teeth do 
not mesh the lever slides the grooved collar along against its spring, when 
the switch is closed, and starter rotation meshes the pinion, while the 
sleeve simultaneously slips forward under spring urge. Should disen- 
gagement be delayed when the engine starts, the pinion overruns the 
starter shaft and the free wheel uneoupiles pinion and sleeve so that in- 
creased speed is 


not transmitted 
back to t h e 
starter shaft. The 
free-wdieel unit 
comprises inner 
and outer iiiein- 
bers, a number 
of rollers occupy- 
ing the annular 
space betw'een 
them. The inner 
member lias a 
number of in- 
clined faces re- 
s e ni b 1 i n g t h e 



teeth of a ratchet 4.— Dklco-Rkmv clutch: drivb (outboajii) PA^Tt:.R^j 



316 [VOL. IV.] ELE(TRI(^\L AND ACCESSORY EQUIPMENT 


ARMArU/^£ SHAFT r^/H/ON BARREL 
(OUTBOARD JOURNAL) 


BUFFER SPRMG \ 

PINION RETAINING SPRING 


OUTER DRIVE BARREL 
^ RUBBER COUPLING 

INNER ORJVE BARREL 



RELIEF SPRING 


OF 
DRIVE 


PINION BUSH 




i. 


-TJ u 




J'^DRIU 


-TRANSMISSION 

PLATE 


SLEEVE 

CONTROL NUT-^ 


FRICTION WASHER 
WHRUST COLLAR 
CONTROL NUT ASSEMBLY CLIPS 


SLIDING DOG 
" COUPLING 


Fig. 5. — Bubber drive (type RU.910) 


wheel, and when drive is transmitted the rollers advance up these in- 
clines, being wedged between their surfaces and the bore of the outer 
member. On. reversal of stresses the rollers move down the inclines and 
relieve pressure on the bore of the outer member, which is then free to 
slide over the rollers, there being no coupling between the two members. 
Jig. 4 illustrates the main features of this form of drive. 

Rubber Drive 

A recent Lucas development wiiicli is being increasingly used on new' 
models is the rubber drive, the outstanding feature of which is the use of a 
rubber bush or coupling, tightly wedged between the driving and driven 
members. This transmits torsion from starter to engine, acts as a resili- 
ent buffer, and provides a sort of safety fuse ” in the event of severe 
overload by shearing, thus preventing a bent or twisted shaft, burst 
windings, or cracked end brackets, otherwise possible under overload 
conditions. 

Another feature of the design is the use of a pinion barrel ejiclosiiig the 
drive, the pinion being secured to its end, instead of riding direct on tlio 
screwed sleeve. This enables a smaller pinion to be used, with increased 
ratio between starter and engine, and greatly improved starter efficiency, 
with less current consumption. 

Referring to Jig. 5, which shows outlines of the RU.l) 10 drive, it will be 
seen that the armature shaft is plain, with a long sleeve keyed to it. At 
the inner end a transmission plate is splinecl to the sleeve and coupled by 
dog clutch to the end of the outer drive barrel. This, with the inner 
drive barrel and the intermediate rubber coupling, forms a single compon- 
ent , a free sliding fit on the sleeve. The end of the inner barrel remote 
from the transmission plate (from which it is separated by a flat-coil relief 
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spring) is dog-eoupled to the screw sleeve, a liard-steel thrust -collar 
also dog-coupled to both nienil)ens. The pinion harrtd, carrving the 
f)inion, is secured to the control nut, which moves along the screw airaiust 
the eompressioii of the restraining spring, thepurj>ose of whic’-h is to pn‘- 
vent creeping into mesh. 

Operation of Rubber Drive 

The action is as follows : AVhen the starter accelerates, the pinion 
barrel lags and advances along tlie screw, against the restraining spring. 
End thrust causes the sleeve assembly to retreat, compreBsiiig the relief 
spring, the thrust-collar pressing the interposed friction washer against 
the outer drive barrel. The initial stress of engagement is taken bj a 
rubber coupling Avhich twists slightly to absorb the torque. When the 
sleeve assembly retreats, the pressure of the thrust collar and the friction 
washer enables some of the driving effort, to be transmitted direct from 
the outer barrel to the screwed sleeve. The dotted line shows the route 
of drive transmission. 

C.A.V.-Bosch Axial- engagement Drive 

A form of drive commonly used on large commercial installations is the 
C. A.V.-Bosch axial-engagement drive. The design is such that the pinion 
is held against rotation by a plate clutch until it has advanced and meshed 
with the flyw^heel teeth, w’hen the end thrust is imposed on the spring, 
w'hich holds the clutch engaged. The latter is disengaged and the pinion 
is free to turn. The traverse of screw movement is comparatively short, 
as the starter armature moves endwise against a spring. 

The design of the starter provides for dual switcli movement. The 
first position energises the shunt fields, causes slow armature rota- 
tion and axial movement, the pinion advancing without rotating until 
meeting the flywheel. This ensures quiet definite engagement with 
tly wheel gears. The pinion being meshed, the second switch pK)sition is 
operated by a latch controlled by armature travel, wlien the .series fields 
are connected and full power exerted. When the main switcli is opened, 
tlie retaining spring draws the armature and pinion back to thcfetarting 
position. 

SERVICE INFORMATION 

Pinions and screw sleev^es are of hardened steel to resist w'ear. When 
dismantled, the parts should be well cleaned in petrol and examined for 
cracks, chipping, or other damage. Pinion teeth usually have chamfered 
edges to facilitate meshing. If these are worn or burred the part should 
be replaced. 

Whenever a starter with worn or damaged drive is re|)aired, tlie tiy- 
wlieel gear ring should be closely inspected, and, if tectli arc damaged or 
broken, should be condemned for replaeement : otherwise, new drive 
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parts will have short life and there is risk of more severe damage to 
starter. 

Compression-type drive springs should be sufficiently compressed 
when the drive is assembled to prevent hammering thrust-collars on initial 
torque. 

Weak springs will set shorter than a new sample, and should he re- 
placed. 

The light return spring on Lucas “S ’’-type drive should promptly 
return the pinion to rest from engagement position. If sluggish, check 
for distortion, weakness, or flattening of the brass ring between spring and 
pinion face, renewing defective parts. 

Light, non-gumniy machine oil may be used sparingly on screw sleeves 
of drives enclosed in the clutch housing of the engine, hut exposed drives 
should he assembled dry, or lightly coated with black-lead or graphite. 

Adjust end play in the starter shaft and see that only correct hardened 
rings are fitted to receive end thrust. 

Outboard and Inbaard Drives 

In outboard drives, thrust is against the exterior face of the end 
bracket ; in inboard drives, thrust is against the interior face. Where a 
pressed-steel centre bracket is fitted to outboard starter, this should re- 
ceive thrust, not the outboard-bracket bearing face. If end play is ex- 
cessive, hardened steel shims are supplied for adjustment. 

Wear may occur on the thrust face of the screw thread on the sleeve 
and also in the pinion, when a new pair should be fitted. This wear is a 
frequent cause of sticking in mesh. Pinion and sleeve should be fitted 
as a pair — not singly. 

Testing Rubber Drive 

The rubber drive is checked with the starter on a test bench by winding 
the pinion fully out and locking against rotation with a lever, while the 
motor is momentarily switched on. The drive should withstand the 
resulting torque. Shearing of the drive may be due to wear of the friction 
washer, causing the rubber coupling to transmit full load. Washer 
should always be renew^ed when the drive is dismantled. 

Bendix ” springs break through overload or backfire. Check igni- 
tion timing if trouble is recurrent. Always use new tab-w^ashers to lock 
spring-fixing studs. If the ring-w^eight is loose on pinion, sleeve collar 
loose, or thread faces w^orn, condemn the pinion-sleeve assembly. Always 
check starter action and see that shaft is not bent or twisted. 



ELECTRICAL TESTING WITH MODERN 
EQUIPMENT 

By S. G. MUNDr, M.LA.E.. M.I.M.T. 



T he apparent Tariatioii which exi^its between variouB makes of ekctri* 
cal testing equipment ceaises to l>6 a complication if it is realised 
that basically erery item of test equipment comprises a number of 
standard instruments — usually the foUowing ; 

Voltmeter. 

Ammeter. 

Sparkmeter. 

Motor-driven con- 
tact breaker. 

Master ignition 
coils. 

Master ignition 
condenser. 

Ohinmeter, 

Condenser tester, 

Syneroscope. 

Exliaust-gas ana- 
lyser. 

The niiniber of 
instruments fitted to 
any particular test set 
varies. AVe may have 
a test unit which com- 
prises only a volt- 
meter, or perhaps a 
voltmeter and am- 
meter. AVe maybe con- 
tent to use separate 
|:)ortable instruments 
tlirougbout, or in the 
case of complete test- 
ing panels, may 
have the wdiole of the 
above instruments in- 
corporated ill a single 
unit. 


FifJ. 1 . CONNEGTIMO KLfcX'TRM .VL TKSTF.H 

A H-volt tt'ster (Electro TmiiMt' SiuxtTer) j-aum** 'ted 

tt> the car battery by attUL'liuig tin* mi uiie ti> positive ut 
biittfiy tiiui the bliu*k wire to I'arth. Sv>ine ut the that 
ran l)C carried out with this totcr can bv >ecii in bah-'V' {Uv'iU 
ill ustrutioiis. {bJqiii ptfu nta Lt d. ) 
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' 2 . — Adji stinl; metkh ot trol blk shooteb roK condenser 

TESTINCi 

The capacity of the condenser is to be tested. The test prods 
are being held together while the control is being adjusted luitil 
meter pointer is on set.’ ’ The test is then carriecl out as in Tig. . 
This instrument is a self-contained unit for detecting a short or 
leak in any electrical circuit and then deteriniriing itvS exact 
location. Incorporated also are features for testing various 
electrical components, such as condensers, distributors, coils, 
rotors, etc., ivhich must be up to standard. 


The a|)])areiit 
Yariatioii Avliicli 
exists betAV'eeii 
varbus makes of 
test equipment is, 
therefore, not so 
compli cated as ay ) - 
pears at first sight. 
If we acquire a 
fun da men ta 1 
knowledge of the 
use of the indivi- 
dual instruments 
which " make xip 
the complete test 
apparatus, we 
shall he able, with - 
out difficTilty, to 
make the best use 
of the equipment 
in carrying out 
tests and inspec- 
tions of auto- 
mobile electrical 
systems and 
equipment. 

In this article 
we examine very 
briefly the indi- 
vidual instru- 
ments and their 
methods of use, 
so that Arith this 
knowledge Av^e 
shall be able more 
effect i A^ely t o 
make efficient use 


of any particular 

make of equipment with which we may be called upon to deal. 


The Use of a Voltmeter for Electrical Testing 

The voltmeter is the most important instrument the garage mechanic 
will be called upon to use in automobile electrical work. It is essential 
that the fundamental characteristics of the instrument should be properly 
understood. 
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A voltmeter, as the 
name implies, measures 
voltage. It must, there- 
fore, be connected across 
the circuit to be tested 
and not with the 

circuit, as in the ease of 
an ammeter. If we are 
testing the dynamo volt- 
age, one voltmeter ter- 
minal must he con- 
nected to the positive 
terminal and the other 
voltmeter to the nega- 
tive terminal of the 
dynamo; or if the 
machine is earth-retnm, 
one voltmeter terminal 
to the ‘^live” dynamo 
terminal and the other 
voltmeter connection to 
earth.” 

In testing a battery , 
one voltmeter terminal 
is connected to the posi- 
tive post of the battery 
and the other voltmeter 
connection made to 
‘‘earth ” or the battery 
negative terminal. 

There are so many 
uses for a voltmeter in 
testing and analysing 3.~_con'i»enser testing with switch set at 

the electrical equipment met eh test 

on the car that its use 

can he adequately descriheci only hy a description ot the must important 
individual tests which can be made, lliese tests are explained in other 
articles in this volume. 


The Use of an Ammeter for Electrical Testing 

Am ammeter measures the flow uf elcc*triu eiirivnt in any i-in-uit. It 
must, therefore, be connected in series in the ciivnit to he testetl : tin* 
current in the circuit must flow through the animetci'. 

In testing the ciirrent output of a dyiianio one lead is rcno'vcd tr<nu 
the dynamo terminal and this lead is then cunnected to mic terniinal ui 
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Fig. 4. — Testing coil for prijiary circuit leakage with electro trouble shooter 

The trouble shooter is equipped with a micro -sensitiv^e leak detector, shown in the centre 
of the instnimeiit . This glows if a leak, is present. When a leak is detected by the leak 
dete<'tor the exact location of the leak is determined by switching to the high frequency- 
circuit, the discharge of which causes any high resistance leak or path to glow and sparkle 
such as in the distributor cap (see Fig. 5). The trouble shooter is made in two models— 
one for connection to any 2 20- volt A.C. line and one for connection to any S-v’-olt battery — 
by attaching the red wire to the positive of the battery and the fclack wire to the negative 
or earth. 


the ammeter ; the other ammeter termmal is eannected to tlie dynamo 
terminal from which the original wiring lead was disconnected. 

There are many uses for an ammeter in electrical testing, iucludiiig 
measurement and adjustment of charging rate, ehecking of current 
coiisamption, measuring current consumption of lamps and accessories, 
and checking the accuracy of switchboard instruments. 

These tests are described in greater detail in subsequent articles. 


The Use of a Sparhmeter for Ignition Testing 

A sparkmeter in the form of a variable spark-gap is, in effect, the 
equivalent of a high-tension voltmeter. Its function is to measure the 
voltage value of the high-tension current at any point in the ignition 
system. 

The accuracy of a sparkmeter depends upon the fact that the length 
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Fig . 5. — Showing actuaj. leak in oistbibutok cap 

Lo<iated by H.F, Test isTo. 1 tap on trouble shooter illustrated in Figr. 5. The Imliage 
path is clearly seen in the above picture. 


of an electric spark in air is equivalent to the voltage which produces 
the spark. 

By calibrating the length of gap in millimetres, an indication of high- 
tension voltage can, therefore, be obtained at the ignition coil, the distri- 
butor plug leads, and at the plugs themselves. In this way the ignition 
high-tension system can be satisfactorily cheeked over, and verification 
obtained that it is in satisfactory condition. 

Tests can he made to ascertain w^hether the full value of high-tension 
is being applied to the sparking plugs themselves. The plug leads can be 
tested by measuring the spark length or high-tension voltage at the end 
of each lead. The distributor and the ignition coil can be similarly 
tested- 

Motor-driven Contact Breakers 

Many electrical test sets, particularly those sold as coil and condenser 
testers, are fitted with a variable -speed motor -driven contact breaker. 
Usually this class of equipment comprises a variable-speed motor, a 
contact breaker, and a master ignition coil and condenser. 

Ignition coils can be separately connected up to the test unit and ojier- 
ated under generally similar conditions to those experienced on the car, 
the engine contact breaker being replaced by the inotor-driv'en contact 
breaker in the test set. 

Comparative tests can be made of a condenser hy comparing tlie 
results of the condenser as fitted on the car by its tenifxirarv replacement 
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Tig. 6. — V.A.R. test set 

This set includes a voltmeter (0-30 volts) and ammeter (0-30 amps.) and a 
loading resistance with rotary control. {Crypton Equipment Ltd.) 



by a simple switching 
operation with the master 
condenser as fitted on the 
test unit. 

Standard test sets of 
this kind are usually de- 
signed to enable coils and 
condensers to be tested 
either on or off the car, 
if necessary connecting 
leads and switches being 
provided. 

' Condenser Test Meters 

As an alternative to 
testing condensers by the 

Fig. 7. — -POETABILE lONITION 
TESTER 

This comprises an adjust- 
able 3 -point balanced spark 
gap, and neon tube, for testing 
sparking plugs, high tension 
leads, distributor, ignition 
coils and condensers. (Cryptun 
Equipment Ltd.) 




ramparat ive or 
substitution 
method, a separate 
condenser test 
meter can be used. 
This usually takes 
the form of a 
m icroaninieter 
which measures 
the Yalue of charge 
and discharge 
current. 

Direct current 
is used for the test 
which, in the case 
of alternating-cur- 
rent sets, is ob- 
tained through a 
small metal or 
valve rectifier 
which gives a 
direct -current vol- 
tage (with a very 
small current) of 
from 300 to 500 
volts according to 
the make of con- 
denser test meter 
used. 

The condenser 
to be tested is con- 



Fi(J. 8. — MOTOR-OPERATt:i> K.NiriON' TESTER 

Th-is is fitted witii a mot or-ciri veil eoritaet treaker, for r». or 
l:2-volt battery operation, amnider, spark gap, rotary s'W'iteheN 
testing leads, C* and I --volt ina^iter ignition eoil, a master oon- 
denser and a special fixture for testing iiiagiicto ariimturo. 
{Crypton E’quiprrtent Ltd.) 


nected up to the meter and is first charged by throwing over a switch 
into the “ charge ” position. This causes the instrument needle to flick 
over, and the maximum reading which the needle obtains is an indication 
of the capacity of the condenser. The switch is now thrown over to a 
‘‘‘ discharge ” position which discharges the condenser, causing the needle 
to return to zero. If it fails to return to zero it indicates a leak, and the 


amount of leakage will be the amoniit by wiiich the needle is off* zero. 

A slight leak is usual, but should not exceed o inicroanips. An o|xm- 
circuited condenser will give no reading. A short -circuited condenser 
will give a full-scale reading, and the needle w'ill not return. 

It cannot be claimed that a condenser test meter of this kind is loo ]>er 


cent, accurate, because, for complete testing, eonditions due to heating 
and vibration must be considered. In praetiee, howevtuy the use (d a 
condenser test meter will give sufficiently good results ti> deal with all 
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normal requirements, 
particularly if the con- 
denser when being tested 
is tapped in order to 
cover the possibility of 
an internal loose con- 
nection. 

The Use of an Ohm- 
meter 

Some modern items 
of test equipment are 
fitted with a»n ohm- 
meter, for the measure- 
ment of insulation resis- 
tance, and also to obtain 
a direct reading of the 
resistance of circuits 
such as field coils and 
solenoid windings. 

For automobile test- 
ing work such ohm- 
meters are usually 
provided with direct 
current at 200 or 300 
volts, obtained in the 
case of an alternating* 
current supply through a v^alve or metal rectifier. In some cases, how- 
ever, a separate gear-driven dynamo is employed, such as in the case of 
the well-known “Megger” insulation tester. 

Distributor Synchroscopes 

The stringent conditions under which the distributor operates, and the 
necessity on the modern car of correct distributor adjustment, have 
resulted in the development of distributor synchroscopes for testing and 
adjusting the distributors under working conditions. 

With aut omatic advance and retard it is very necessary to ensure that 
the automatic-advance mechanism is operating correctly. A mechanical- 
distributor fault will cause unsatisfactory engine performance. 

It is impossible properly to test and adjust the distributor on the car, 
and for satisfactory results it should be removed from the car and con- 
nected to a variable -speed motor, preferably being mounted vertically, 
as is now usual in service. The variahle-speed motor drives three -point 
static spark gaps, which rotate over a disc calibrated 360i With this 
arrangement a distributor can be driven at varying speeds, and the exact 



Fig. 9.— Portable condenser tester 

This indicates if condenser is leaking and the amount 
of leak. It is connectad to alternating current mains. 
{Crypton Equipment Ltd.) 




pilot Light 



period at whieh tl 
A eorrect \y ad 
four equally spa( 
advance can be e 
in and the mini he 
is increased. A e 
it can he verified 
necessary, they ea 
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I ' fg . 11. — Using ExiiArsr-aAs axalyseb 
The engine is wanneiliip and the sampler tube inserted into exhaust pipe. 



Fig . 12. — Using exh.aust-gas analyser 


Showing sampler tube clamped into place on the upper edge of pipe. 
The set can then be taken to the front of the ear and hung in a convenient 
position near the engine. 
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Fig, 13. — Using EXHArsT-GA.s analyser Fuj. 14.— X'tiirNG :iiXHAi’ST-(3As analyser 

The next step is to reniovo residual ex- First operation in setting the meter for 
haust gas from the analysing cell by a few the test. With the switch at ** set ’’ posi- 
strokes of the aspirator, prior to setting the tion, the needle is adjusted to read “ 10' 'by 
meter for test. means of the left-hand rheostat. 


Exhaust-gas Analysers 

A lot of atteiitiori has recently been given to the use of exhaust -gas 
analysers for ciieeking earbiirat ion efficiency - 

Carburettor testing up to the present time has largely been a matter of 
guesswork, but to-day the service niechaiiic has available for his use, 
firstly, a vacuum gauge, wliich has already been described, and secondly, 
an exhaust-gas analyser. 

The standard exliaust-gas analyser consists of an indicating meter 
calibrated in three divisions — " lean," “ normal," and rich." 

The instrument is connected by means of a hose to the exhaust }upe, 
from which a sample of the exhaust gas is taken and } )asse.s to the analy.ser 
housing, usually through a separator where the water and most of the 
dirt are t akeii out . 

Within the analyser liousing the exhaust gas samjde is mixed with, air 
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Fig. 15.— Using exhaust-gas axauvser 





The ^ond operation in setting the analyser is to switch to 
the needle to read “ 13 ” by means of the right-hand rheostat. 


’ test,” anci to adjust 



F ' ig . 16. — Using exhai’st-gas anaia’skr 

orrect reading. Fig. 17 sliows a good 
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iiikI is passed over an eleinoiit vvhieh 
eonsists of four {)h;itinuRi wires. 
These wires are heated by an 
electric current supplied from a 
battery incorporated in the ana- 
lyser housing. Two of the wires 
are active, and the other two wires 
are treated to render them inactiv^e. 

If the exhaust gas contains com- 
bustible vapour, the actwe wires 
begin to glow. This increases their 
electrical resistance and giv^es a 
reading on the meter. This read- 
ing will be in proportion to the 
amount of combustible gases in 
the exhaust. 

The meter is calibrated in per- 
cent. completeness of combustion, 
so that an indication is obtained of 
the percentage efficiency of carbura- 
tion. 

Exhaust-gas-analyser tests 
should be made with the engine at 
normal working temperature. In 
making tests, the adjustments 
provided for should be made to cor- 
rect a pressure of more than 2 on a 
pressure-gauge fitted to the ana- 
lyser. 



I'ig, 17. — A GOOD iiKci>rN<r to obtain for 

ECONOMICAL RU NNING ON KXH A l'ST-<; AS 
ANALYSER 

Thp analYst'r slunvu in Figs. 1117 is the 
3Iixture Vltistt’r. (/’// cnnrit^^g f»/ Kqnip- 
fiien/s Ltd.) 


The engine is now run at a 
speed of approximately to iii.p.h,, 
and the operator should note the 
indications on the meter scale ; the instructions provided with the instru- 
ment will indicate to the operator the efficiency of carburatioii and tl:e 
necessity of any service which may be required - 

The design of the engine may have some influence on tfie result 
obtained with the exhaust -gas analyser and, in ease of doubt, it is 
advisable to get in touch with the makers of the equipment. 


DYNAMOS AND CHARGE CONTROL 
SYSTEMS 

By E. T. LAWSON HELME 

Field Windings 

A utomobile clynauiorf were originally evolved from r£bihvaj- 
train lighting ^nd industrial direct-current machines, having 
a conmioii purpose of accumulator charging. All machines in this 
group must be self-exciting — that is, capable of building up voltage from 
nil, from a standing start, without external current supply for energising 
the fields. It follows, therefore, that there must be some primary weak field 
in which the armature rotates and commences to generate, and this is pro- 
duced by the residual magnetism remaining in the iron pole shoes. The 
low voltage generated in the armature by rotation in this weak 
permanent ” field is applied to the field windings, which then set up a 
flux to supplement the primary field, and a progressive build-up of 
density results, correspondingly increasing the armature voltage to its 
inaximuin. 

Magnetic Circuits 

Like an electrical circuit, a magnetic circuit is regarded as a continuous 
path round which lines of flux-density fiow. Figs. 1 and 2 show two 
common arrangements, tAvo-pole and four-pole assemblies respectively. 

In Fig. 1 the left-hand pole shoe assumes N. polarity, lines flowing 
through the armature core to the right-hand pole shoe, which assumes S. 



Fig. 1 Maonkeic oiji- 
t'rir-— TWO 'POLK 

AMO 



Fig. 2 . — MArtNETio cik- 
O r IT- F o l' li - 1* O I. K 
or N AMO 



Fiff . 3. — another pokm of 

TWO-POLE ASSEMBPV 
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Fig. 4. — Shunt wound, two- 

TOLE ASSEMBLY 



Fig. 5. — D Ysr A motor cc> nnecth i vh 


polarity, the lines continuing in two paths round the iron yoke or carcass 
back to the N. pole. 

In Fig. 2 four poles are used. The left and right pole shoes are both 
N., and the upper and lower botliS. Lines liow in four paths, as shown, 
entering the armature core from each N. pole and dividing upwards and 
downwards to each S. pole, with return paths through the carcass. 

Fig. 3. shows another form of two~pole assembly, used in dynamos 
with shaft centre eccentric to the carcass centre. Only one jx>le carries a 
winding, the other being integral with the carcass, and referred to as a 
“ consequent ” pole. Lines flow' from wound X. ]x>le (top) to unw'ound 
consequent pole (bottom) via the armature core, returning through tlie 
carcass. 


Winding Connections 

Fig. 4 illustrates a “ shunt wound ’’ two-pole assembly. Note that the 
two field coils, or windings, each embracing a pmle shoe, are connected 
in series, the two outer connections being taken to positive and negative 
brushes. The field circuit is therefore in parallel with the arniature and 
receives the full generated voltage, the construction l>eing used in all 
}3lain battery-charging dynamos to ensure self-excitation and steady out- 
put under varying loads. 

Dynamotor Connections 

In a four-pole shinit-tield circuit, the four coils are in series, witli the 
entry lead of the first coil and the exit lead of tiie last vo\\ connected to 
main positive and negative brushes. This arrangenient is not u.sed in 
starters, as the requirements are entirely different . but in dynainuti 
which combine starting and generating functions, tiie tie id design is 
modified as illustrated in Fig. 5. In this rase a luiir-{Hde field is used, 
comprising two pole shoes carrying shunt -connected windings, placed on 
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opposite sides, while the remaining two pole 
slices carry coils connected in series with 
eacli other, and also in series with main 
armature circuit. Thus, when the machine 
is used for starting, battery current enters 
the main terminal, passes to the positive 
brush, via the armature windings to the 
negative brush, and round the series field 
coils to carcass “ earth connection, and 
thence back to battery via the chassis. 
When the machine is running, residual 
magnetism causes voltage build-up and 
current is shunted from main brushes round 
the shunt-field windings. The machine then 
generates. It is important to note that both shunts are of one polarity 
and both series of the other. 

When starting, a small shunt-field current flows from the battery 
voltage at the main brushes, but its influence on the field flux is negligible 
compared with that of the series poles. 

Similarly, when generating, charging current traverses the series field 
windings en route to battery, but again its comparative flux is negligible. 
The shunt-wound poles therefore act as consequent unwound poles to the 
series w^hen starting, and the series-wound poles become consequent to 
the shunt poles when generating, preserving four-pole characteristics, 
hence the like polarity of each pair of windings, with unlike polarity to 
each other. 

A further development of dynainotor design is the six- pole machine 
with three shunts, of like polarity, alternately positioned with three series, 
again of like polarity. All the shunts being N., all the series will be S. 
poles. There are six flux paths through the armature core and carcass, 
the design heing a development of four-pole practice. 

Direction of Winding 

It must be carefully noted that the direction of winding decides the 
polarity of the resulting induced field. Fig. 6 show^s the law governing 
this, w'liich may be briefly defined thus : Looking endwise at an electro- 
magnet, current flow^ (from positive to negative) round winding in a 
clockwise direction produces a field with south pole tow^ards the ob- 
serv^er and north ” pole away from observer, who is looking in the 
direction of the flow of magnetic flux lines. Reversal of positiv'e and 
negative connections, or reversal of current direction, results in a field wit li 
N. towards observer and S. away from observer. This should be memo- 
rised, as it is important in checking field connections. 

Fig. 7 illustrates how four field coils are w'ound for shunt connection. 
It should be noted that the two ends of each winding are commonly 



Fig. 6. — Showing delation- 

BETWEEN CrURENT AND 
JTAQNIJTIC JPLrX 

This relationship is import- 
ant in cheeking field connec- 
tions. 
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referred to 
e n t r Y ” a n d 
"‘exit ’’ leads, 
according to 
direction of 
current flow. For 
example, current 
enters the left- 
hand coil from 



} i(J, 7 . —How FOI R riKLU COILS A.RE WOl ND Fall Siil NT CON - 


the positive brush oonnectian , at the outside end, traverses the turns to the 
inside end, the exit ” lead being brought across the turns and insulated 
therefrom, this end is connected to the entry ” lead of the next coil, 
w^hich starts at the outside turns, and current leavres at the inside exit lead. 
As these two coils are wound in opposing directions, or fitted on the pole 
shoes in opposing positions, unliie magnet poles are induced. The 
remaining two windings follow the same principle, the inside exit turns 
of second coil joining the outside entry turns of third, while inside exit of 
third joins outside entry of fourth. Polarity is decided by current direc- 
tion only, and the use of inside or outside terminals is governed only by 
convenience and design. 


Armatures 

In all automobile dynamos, the angle between main brushes is the 
same as the angle between unlike field poles, and the armature must be 
wound with the same number of current paths. Armature windings are 
grouped under various classifications, such as “ lap winding and 
“■ wave ’’ winding, each of which may he “ progressive ” or retrogres- 
siv'c ” in direetion. Each coil or group of coils comes into the densest 
area of field flux twice, or four times per revolution, and its ends must 
be connected to the commutator bars which lie under main brushes at t his 
instant. The voltage generated by the windings, which is then at jieak 
value, is collected by main brushes and applied to circuits across them. 
This angle betw^een coil sides and commutator connection is most iiiifM^rt- 
ant, and is described as winding pitch . Each coil may comprise several 
turns. Tracing the wire from any one commutator bar, it will be found 
to pass into one of the longitudinal grooves in the core, cross the back of 
the core to enter another groove, cross the front and re-enter the first, 
making several loops or turns before the end is finally brought out to 
another coiiiniutator bar. A number of such coils are wound on the i-ore, 
the ends of each being brought out to bars wliich <ire an et jual angular 
distance apart in each case. The coil sides, which occupy the sluts, arc 
the active sections, being the parts which '"cut the lines of magnetie. 
flux , wTule the sections crossing at back and front are merely ci»iiductors 
and non-active in generation. As each coil in turn moves into the 
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densest flux, its respective commutator luirs come under tlie brushes. Its 
place is taken successively by each coil in turn. 

ARMATURE FAULTS AND TESTING METHODS 

Faults 

Assiiining that an armature is of correct type for the dynamo to vliich 
it is fitted, defects which will prevent it generating properly may be classed 
as follows : 

(а) Earthed windings or commutator. 

(б) Shorts between windings, turns, or adjacent commutator bars ; or 
(c) High resistance or open-circuit faults. 

Tests for Faults 

The first fault can be detected by the use of direct-current mains test 
lamp or megger-type ohmmeter. The second and third are located by 
various methods operating on alternating-current or direct-current supply, 
the best known of which are the volt-drop comparative test on direct- 
current supply, and the induction comparative test, for use on alternating- 
current supply. In either case, the test is based on a comparison of the 
cdiaracteristics of each coil or group of coils in turn, results demonstrating 
whether these are equal within limits , indicating sound windings , or widely 
divergent, denoting faults of either {b) or (c) nature. 

Making a Drop Test 

Eig. S illustrates the layout of the 
‘‘drop test,” as it is popularly called. 
C'Urrent from the battery B flow's through 
the variable resistance YR to prod Pi, 
round armature ( A) windings, leaving at 
prod P2, and returning to battery. As the 
prods contact the armature (commutator 
bars) at the same angle as main brushes— 
in this case the angle is 90^ — two paths are 
offered : via the normal “ live ” coils or 
group of coils, and also via other windings 
in series. The actual length of wire or grou]) 
of coils connected between any one bar and 
its neighbour is usually the same, and 
therefore the resistance between adjacent 
bars should ])e equal all round. This is 
verified by the millivoltmcter Mj\\ which 
is bridged across adjacent bars by the j)rods 
X and 1". When connected thus, current 
flows via alternative paths as the coils and 
the meter bridging them are in parallel. 



Fij. 8,- La\(M T OF A “ j)i{ur 
TEST ’ ’ 

Battery B, varia))Ie resist- 
VR, jTods X. V *l,and 

M^V. 
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The higher tlie resistance of 
the coils, the more current will 
hy-passecl through the meter, and 
vice versa. As the resistance V R is 
adjusted to produce a definite readmg 
of the meter on any one coil, the 
armature is moved round, bringing 
successive groups of windings under the 
prods. If the resistances of the wind- 
ings are equal, meter readings will be 
the same for all. A coil with faulty 
connections introducing excessiv^e resist- 
ance will cause a higher reading, wLile 
an open-circuited coil will allow the full 
voltage to he applied to the meter, 
resulting in possible damage to the 
meter unless precautions are observed. 

On the other hand, shorted turns 
causing low^er resistance will pass more 
current, the meter reading begin low’er, 
while if the coils are shorted as a 
whole — such as by shorted commutator 
bars — the meter reading will be prac- 
tically nil. 

It is essential to clean all dust or 
copper fragments from the mica 
insulation between commutator bars in order to get readings which are a 
true indication of the state of windings. 

Check for Earthed Windings First 

It is usual to check an armature for earthed windings (Fault a) first. 
If one prod of the test -lamp circuit is placed on the core and the other on 
any commutator bar, a faulty circuit affecting any of the windings will 
cause the lamp to light. 

Growler Tests 

The second comparative test — commonly known as the growier ” 
test — uses the armature as part of a transformer construction, the current 
generated in its windings being compared. Fig. 9 show's the diagram- 
matic layout. The growler laminated core carries a winding to wiiicli 
alternating-current voltage is applied. An alternating dux is induced, 
traversing an “ iron ’’ circuit of which the armature 001*0, placed in the 
limbs of the grow'ler core, forms p>art. Alternating v'oltages are induced 
in the windings, but practically no current flow's, as the voltage surges in 
one group of coils are met by simultaneous opposite voltage surges in 

M.E.O. IV.— 22 
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other groups, this not necessarily being tlie case in all instances, as arma- 
ture winding designs vary. The voltage induced in any one group con- 
nected to adjacent bars is measured by the current floAving in the ammeter 
and variable resistance when the prods are applied to these bars. The 
armature is turned round in position on the growler, each coil circuit being 
compared as adjacent pairs of bars come round. 

It is im{.x)rtant to note that the current generated by any one coil 
circuit varies with its position relative to the growler limbs. The test 
circuit, comprising ammeter, resistance, and prods, is applied to the coil 
circuit and the armature moiled to give the highest reading within the 
meter range, current being adjusted b3’’ the variable resistance. Each 
coil circuit must then be tested in the same relative position to get true 
comparative results. 

High resistance or open- circuits will produce low^er meter readings as 
the current flow is reduced or interrupted. 

Shorted turns may cause a higher reading owing to reduced impedance, 
and will abo cause local heating. 

Shorted bars will produce little or no readable current, but the fault 
may be revealed by local heating or smoke. 

Shorted coils may also be detected by magnetic effect. If an iron 
feeler ’’ — such as a hacksaw^ blade — is laid on the top of the core as it is 
turned, a shorted coil with reveal its presence by increased magnetic pull 
on the feeler. 

In both direct-current and alternating-current methods it may be 
found that modern armatures produce alternate high and low readings. 
This is due to winding design, and while the variation is regular and 
not too divergent, it should not be mistaken for a fault. 

CONTROL METHODS 

The shunt-field dynamo, when used for battery charging, develops a 
terminal voltage w’hich varies with its speed, with a corresponding varia- 
tion in the current flowing through the battery. As an accumulator of 
any given capacity will carry only a definite maximum charging rate 
without overloading and risk of heating, rapid evaporation of electrolyte, 
and eventual damage to its elements, so a d^mamo used on a vehicle, 
where speed is always Amryiiig, must be equipped with means of limiting 
the charging rate within safe values at all sj^eeds likely to be attained in 
ordinary use. 

An early system of clutch diiA^e, in which slip occurred above a certain 
speed, was the onK^ attempt made at direct speed control, and was aban- 
doned because of tlie practical difficulties encountered. All other systems 
since developed operate ou electrical principles, and control output hy 
the onW practical means — limitation of voltage applied to the field 
circuit and resultant dose regulation of current and magnetic-fiux 
density. 
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Fig. ,10. — TniKD-BRi’SHf armati:’he-hi:a(n 
TION CONTROL 

This picture illustratc's the tUn^ction of 
lield flux at low output. 



* TtUN 


How the lines are distorted hy t.lie opposi- 
tion of armature flux when output : 
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Two main systems have been made use of, being designated constant 
current and " constant voltage ” respectively. Designers have now 
very largely concentrated on the latter system, with several important 
modifications, although constant -current dynamos are still very eom- 
manly used, especially on small cars. 

Third-brush Armature-reaction Control 

Armature reaction is the magnetic flux generated by current flowing 
in the armature windings opposing the flux due to the fields, and causing 
a distortion of the lines of force traversing the armature core, the effect 
increasing with output. Pig. 10 illustrates the direction of field flux at 
low output, and Fig. 1 1 shows how the lines are distorted by the opposition 
of armature flux wdien output rises, the axis of the resultant lines of force 
across the armature being twisted round in. the direction of rotation. 

In a d}mamo controlled by reaction effect, the field connections are 
not both taken to main brushes as in a plain-shunt machine, but one is 
connected to a third narrow^ brush bearing on the commutator at a position 
at an acute angle to one of the main brushes, as in Fig. 12. 

The voltage between this third brush and the other main brush is 
therefore less than that between the two main brushes, the effect being 
that of tapping ” armature v^oltage. The armature coils connected to 
the commutator bars, from which field current is collected, are not passing 
the densest part of the field at low speed. As output rises, flux distortion 
tends to shift the axis — or densest part of flux — towards the position 
occupied by these coils, with corresponding increase of field voltage and 
flux . Further increase of output distorts the axis farther round, so that 
the dense area recedes beyond the position of the tapped armature coils, 
causing a fall in field-applied volts, current, and flux density. The two 
opposing factors of reaction distortion and field voltage balance each 
other over a wide range of speed, beyond wEich distortion gains the 
ascendancy and output falls with further increases of speed. The “ fiat- 
peak ” value of dynamo-charging current can be varied by moving the 
third brush round in the direction of rotation to increase it, and against 
the direction of rotation to reduce output. The layout shown in Fig. 12 
is that of a two-pole dynamo. In a four-pole machine, with two main 
brushes positioned 90° apart, the third brush may be adjacent to the 
position of either, or may be placed near the opposite angle of commuta- 
tion — i.e. 180° from the main brush of same polarity. 

The voltage at commutator bars in this position approaches maximum , 
although no main brush is fitted in this position. In other words, the 
four-pole armature has two positive and two negative maximum-voltage 
positions, although only one position of each sign feeds a main brush. 

Solenoid-voltage Control 

The inherent disadvantage of current control lies in the fact that 
current remains tolerably constant, whatever the state of charge of the 
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Fig, 15. — Regitlatoii design- used in Lucjis RF50 jlnd similar contboi boxes 


battery. In fact, ^ith a fully charged battery, dynamo voltage rises in 
opposing and overriding battery back-e.m.f., field voltage is boosted, 
and the average output is higher — an undesirable condition from the 
viewpoint of battery welfare. Yoltage control is designed to maintain 
dynamo volts up to, and at, a constant level, the charge-rate being in 
accordance with the back-voltage, or b.e.m.f., of the battery, so that the 
latter is charged at a rate suited to its needs. 

Fig. 13 shows simple solenoid control, in which a plain-shunt dynamo 
with external field control is used. The solenoid winding is connected 
across main brushes, receiving armature voltage. The field circuit 
includes a pair of contacts — normally closed by spring pressure- — and 
bridged by a resistance. One of the contacts is fixed, but the other is 
mounted on a hinged or spring-suspended iron plate or core positioned so 
that it receives the magnetic pull of the solenoid. In the oj>en‘type 
regulator — now commonly used— the solenoid frame resembles that of a 
cut-out, with the important difference that contacts meet when the unit 
is not operating ; the reverse to cut-out practice. 

Operation of Solenoid-voltage Control 

Operation is as follows : The closed contacts offer very little resistance 
to current flow’ and the field receives practically the full generated voltage. 
This voltage is also impressed on the solenoid winding of the regulator, 
which is energised and exerts a magnetic pull on the hinged plate, 
opposing and consequently weakening spring pressure on contacts. At 
a predetermined voltage, spring pressure is overcome and the contacts are 
separated, w’hen field current is by-passed through the resistance and 
consequently decreased. Terminal voltage falls and solenoid tliix 
A\"eakens, w’hen the spiring regains the balance of force and contact .s again 
meet. Field current rises again and the cycle is re|K‘atcd in rapid suc- 
cession, resulting in high-frequency vibration of the hinged j>late and 
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Fig, 16 . — The distohtion- bv heat and besulti.vg effect on contact pressure 

(shown EXAaOERATED FOB CLEARNESS) 

A, bimetal spring (cold). B, bimetal spring distorted (hot). 

contacts. The field current is therefore subject to rapid fluctuation as 
the result of regulator action, hut this fluctuation is largely smoothed out 
by the impedance due to the magnetic characteristics and ampere-tnxns 
of the field windings so that the regulated current remains leTel over a 
wide range of dynamo speed. 

The open-circuit (no-load) voltage at the terminals of a regulator- 
controlled dynamo is therefore constant, being about 15*75 volts in the 
case of a 12-volt set. The charging rate will be high when the battery- 
voltage is low, but as the battery voltage rises the difference between this 
and the dynamo-terminal voltage diniinisbes until, when the battery 
voltage approaches 2*5 volts per cell on charge, the resulting rate of 
charge falls to a low’ value, which is the ideal aimed at in battery 
charging. 

Fig. 14 illustrates another form of regulator using two pairs of contacts, 
the second pair being open in the idle position, and connected across 
the field windings. Regulation is effected by vibratory contact of the 
3 ’ield contacts, as already described, until dynamo speed rises above a 
certain limit. At this point the magnetic flux of the solenoid draws the 
iron core down so that the contacts are held apart, yield current passing 
via the resistance. Further increase of voltage causes the iron core of the 
regulator to be drawn in to full extent, when the second pair of contacts 
meets, and the field circuit is shorted through them. 

Tield flux collapses, voltage falls, spring pressure overcomes solenoid 
pull, and the shorting contacts separate, when field builds up again and 
the cycle is repeated at high frequency. This design is used in Lucas LRl 
and LR2 regulators of the enclosed-barrel type. 
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Tig, 17. — C-A-V.-Bosch combined cit- Fig. 18. — CrRauNT-voLTAGE REarx,\Tov 

Ot:r AND REOrLATOH T^’PICAl- OF AMERICAN FRAtTlCE 

Shunt and series windings function as 
both cut-out and regulator. 


Series Compensatirig Windings 

In Fig. 14, a second winding of lieavy wii^ is drawn on the solenoid 
core, in addition to the fine-wire “shunt ” winding. Current flowing to 
cut -out and battery traverses this ‘ ‘ series ” winding and exert s a eomj)en - 
sating influence on dynamo-controlled v^oltage. If a dead cell low’ers 
battery b .e.ni .f . , or a short across mains cables lowers the effective resistance 
of the battery line, regulator wmild maintain dynamo voltage at normal, 
and an excessive output w’ould result, with no series winding. Where 
this output traverses a compensating winding, the latter automatically 
supplements the solenoid -magnet flux, and spring pressure is overcome 
at a lower voltage level, so that dynamo voltage is reduced in profiortion 
to additional load, preventing ov'erheating and burn-out. All regulators 
are now' fitted with series compiensating windings. It is to he noted that 
the shunt and series windings are in the .same direction relative to current 
How. 

Fig. 15 show's the regulator design used in Lucas RFoO and similar 
control boxes. This has regulator and cut-out combined on a common 
L-shaped frame, each having a wound solenoid core and a contact plate, 
as sliow'ii, fitted by spring hinge. A spiral or flat spring with adjusting 
screw and locknut exerts pressure on each contact plate, holding the 
cut-out contacts apart — -spring pressure maintairuiig the plate against the 
curved stop— and the regulator contacts together. Each .solciioiil has 
a shunt Avinding of fine wire connected between the eoinnion frame 
(dynamo “Jive"' potential) and the E terminal. The cut-iait lias the 
orthodox series winding, and the regulator has a divi<letl series wind ins:, 
the two sections carrying current in opposite directions round tin* cure. 
Current fiows from rommou frame to E (earth), t^neririsiiiir both 
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In a 12-valt set, the cut-out closes at 12-75-13-5 volts, current fiovuug 
via cut-out series and the upper half of regulator series winding to ter- 
minal A — wired to amineter and battery. Regulator action commences 
at 15*75-16-3 rolts, unless a fault is causing excessive charging rate, 
when series flux brings regulated voltage to a lower value. The lower 
half of the regulator series winding is connected between terminals A 
and Al. 

All consumer circuits other than starter and emergency -light sockets 
are fed from terminal Al, and therefore all discharge current must 
traverse the lower series winding. When lamps are switched on, there- 
fore, the current flowing round this winding sets up a magnetic flux of 
proportionate density which opposes the fluxes of shunt and charge series. 

The result is that composite flux is weakened, regulation delayed, and 
dynamo voltage increased to compensate for lamp load. 

Temperature Compensation 

The latest Lucas regulators, bearing letters LET ’’ with type num- 
ber, have a special bi-metallic flat spring secured to the regulator contact 
plate, its free end hearing on the adjusting screw. The two metals 
forming the spring expand with temperature rise, but at different rates, 
so that the spring distorts with heat, its resistance to solenoid pull 
decreasing with rising temperature. When cold, the regulated voltage is 
high, giving a boosting charge to the battery, making up ampere-hours 
expended by the battery in starting. Rising temperature causes the 
spring to distort and exert less pressure on contacts, so that solenoid pull 
starts them vibrating at lower voltage and dynamo output falls accord- 
ingly. 

Pig. 16 a. and B shows in exa,ggerated form the distortion by heat and 
the resulting effect on contact pressure. 

Single-core Combined Unit 

Fig. 17 illustrates a combined cut-out and regulator used on some 
C-A.Y.-Bosch commercial equipment, in wBich a single shunt and a single 
series winding operate both functions. 

First movement of the contact plate causes cut-out contacts to 
close. Further solenoid pull overcomes spring pressure on the field 
contacts (R), which vibrate and control voltage at normal speed. At 
higher speed, solenoid pull draws the contact plate fully down, when tlie 
shortening contacts meet, bridge out the field circuit, and secondary 
regulation is established. The series winding, in addition, to functioning 
as cut-out hold-on and discharge-current release in the ordinary way, also 
serves as regulator- charge compensating winding, as its flux supplements 
the shunt and lowers the regulated voltage when a safe maximum output 
is attained. 
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Current-voltage Regulation 

The foregoing ty})es all use a series ^viIl(^irlg enabling eurrent tiiw to 
effect regulation according to battery condition. In Ariieriean design, 
regulators are frequently with separate series-woiirid cores. In 

b-volt sets, where current values are higher, it is cotnnion practice for 
one core of the regulator unit to carry a winding in series with the dynamo 
field, the flux it produces being directly pro[K>rt ional to fiekl density. 

The other regulator core carries a shunt winding which is connect^ 
across the battery via ignition switch. Fig. 1 8 illustrates a layout of this 
type, and it is important to note that a three-brush reaction dynamo is 
often used, combining both systems of output control. These sets must 
1)0 run or tested only with the battery connected, as open-circuit generat- 
ing allows a dangerous voltage rise. 

SERVICE INFORMATION 

The following general hints wdll be useful in locating causes of dynamo 
or control trouble : 

General-condition Test of Dynamo 

Before removal from the vehicle, a general rough test can he made by 
disconnecting leads, running at moderate speed, and bridging D and F 
terminals with an insulated screwdriver or similar article, noting that a 
flashy spark occurs on breaking contact. This test imposes full voltage 
on fields, and must be applied with caution. A grow' ling or w’hining 
noise on bridging terminals signifies worn Ijearings, loose poles, or other 
mechanical trouble revealed by magnetic pull. An insulated bridge is 
necessary, as field voltage on break may cause a shock if terminals are 
touched. 

With the machine on the bench, dismantled, tests and msj)eetion 
should include the following : Field conductivity, insulation to carcase, 
armature tested on drop-test or “ growler ” (alternating -current imf>e- 
dance comparison), insulation of windings and commutator to shaft : 
brush-holder iusulatioii to carcase, brush wear, friction in guides, 
brush-spring tension, yield leads and terminal contacts, soldered joints, 
etc., field interooil joints, general state of windings, charred insulation 
(should be condemned even thoxigh tests appear satisfactory), bearing 
wear, shaft wear, mechanical damage. 

These details appily to all types of dynamo. In addit ion, the following 
‘‘don’ts should he remembered and applied in practice to avoid high 
costs, lost time, and jeopardised custom : 

Don't test insulation with mains- voltage lamp until carbon dust and 
oil are washed away and insulator dry and clean. 

Don't hold armature in vice while applying heavy torsion to shaft nut. 
The core is spliiied to the shaft and may shear or shift under the strain. 
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If the nut cannot be tightened while the shaft is held, the spanner slioiild 
be tapj>ed rather than heavy pressure applied. Hold pulley or sprocket 
by a piece of belt or chain v'ith ends secured in vice. 

Don't grip small carcases tightly in vice. This may cause distortion 
out of round and result in rubbing on field poles. 

Don’t skim commutator with shaft out of truth or eccentric to lathe 
centre. It is better to arrange a small chuck to fit the lathe back poppet 
so that a bush of correct size can be used to support shaft by bearing 
journal, ensuring concentricity. 

Don’t leave internal screws any chance of coming adrift. Lucas 
OUSE, and similar dynamos with internal screws securing the bearing 
plate, must have these screw^s securely locked. 

Brush Wear and Spring Tension 

Brushes deteriorate more from burning than from friction. Main- 
brush spring tension should be 24-28 oz., and that of field brushes 
14r-16 oz., measured with a spring-balance. Proper bedding of brushes 
is essential to eflicient working. A special pumice-stick can he bought 
for the purpose, and this is applied by holding in contact with com- 
mutator, the pumice powder bedding the brushes quickly without effect- 
ing contact. If new brushes of correct replacement type are used, they 
should not be tight in holders. If so, the holders may be distorted or 
bent and this should be corrected. 

The brushes should not be rubbed dowm, as they are then non-standard. 

Third-brush Adjustment 

As a general rule, the field brush is of the same polarity as the mains’ 
brush to which it is nearest in two-pole dynamos, and the same polarity 
as the mains’ brush to which it is most nearly opposite in four -pole 
machines. Movement towards this mains’ brush or position is usually in 
direction of rotation, and increases average output. Adjustment should 
be made only when the operator is certain that field-brush position is 
incorrect. Moving the brush forw^ard to compensate for loss of output 
due to dirty or worn commutator or brushes, faulty battery, wiring, or 
other extraneous cause soon results in breakdown. Output should be 
adjusted on vehicle with headlamps of normal wattage (not exceeding 
36 Wyatts at 12 volts or 24 watts at 6 volts), when charging rate should 
balance discharge with a margin of 3-4 amps. For 12-volt sets, 8-10 
amps, is sufficient in most cases. 

Regulator Adjustments 

Lucas LR-type regulators should be cheeked in place by opening 
battery circuit — inserting insulation betw'een cut-our contacts will serve, 
connecting an accurate Amitmeter of CYC type betAveen D and E terminals , 
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and noting controlled voltiige. Dual- contact “ barrel ’* rcuuktors sliould 
control voltage up to lo-7a voltes niiiiiinuin, IB -3 volts iiiaiiniiini. over 
a wide speed range. Single-contact o^x'n-tyjK^ units shoukl l>c sc‘t to 
regulate at the same values, except tein|KTature-conif.)en<atmir ty{>es 
where voltage is up to 17 volts when cold. C.A.V.>Bosi*h. F- and Cbiy|X‘ 
regulators should be tested only under load — not with battery circuit 
open. To test without battery a load of BO watts should he applieei, 
when regulated voltage should remain steady at 13-8 v'olts. Jlotor-cyele 
regulators — type MCR — should be tested on o{K?n circuit and should 
operate at 7 *5-7 -8 volts. 

Adjusting Barrel Type 

The field contacts should not be disturbed under any dreunistanees. 
Need of adjustment is largely due to weakening of spring, which is reset, 
and shortening contacts afterwards corrected to restore normal voltage 
control. If this does not rectify trouble the unit has burnt or pitted 
contact faces and should be replaced. 

Adjusting Open Type 

The screw with locknut situated in the back of the regulator frame 
alters the spring pressure on contacts. Adjustment is critical, and should 
be made a quarter turn, or less, at a time. The nut should be tightened 
each time and voltage checked. With LRT units, note temperature 
under bonnet. Approximate settings are : 17 volts at 50®, 16-9 volts at 
60°, 16*8 volts at 70°, 

Checking Circuit 

If regulator voltage is correct, the dynamo should be iiisf)eoted for 
bad comnuitatioii, belt sli}>. or damaged wiring. Eurntoiit regulator 
may result if dynamo D and F leads are crossed. This should be carefully 
verified in all cases. 

When a dynamo has been run on the test bench it slanild be polarise<l 
correctly before refitting on the ear, so that it builds u|) with [M3sitive 
carcase, where this is the arraiigenient on the car. Nine times out of 
ten, reversed dynamo will correct itself when cut-out closes. The tenth 
time it may cause a short or burnt -out warning lamp. 



DELCO-REMY STARTING-MOTORS 

D ELC0‘BEMY starting-motors are of the four- or six-pole series- 
wound types, the four-pole t^^pe being the commonly used design. 
Some of the four-pole starters have held windings on only two poles, 
thus giving a four-pole-field action without the use of additional field- 
coil windings. 

Some starter-motor armatures are connected to the pinion shaft by 
means of reduction gears, while other motors have armature and phiion 
on the same shaft {see Figs, 1 and 2). 

Engagment and disengagement of the pinion with the flywheel on 
all starters is controlled by one of three types of drives, namely, Bendix, 
overrunning clutch, or Dyer drive. 

Starter-motor controls, or the method of engaging the pinion on the 
motor with the flywheel on the engine and the closing of the motor circuit, 
may he divided into three types and modifications of each, as follows : 
(1) manual switch, (2) solenoid switch, and (3) magnetic switch. 

STARTER DRIVES 

Bendix Drive 

A description of operation of this drive is given on page 313, and it 
is not necessary to repeat this here. 

Overrunning-clutch Drive 

Many Delco-Rertiy manual- and solenoid-type starter -motors use the 
overrunning-clutch type of drive [see Fig. 2). In starting, a shift lever, 
manual- or solenoid-operated, moves the clutch assembly on the spline 
shaft, shifting the pinion into mesh with the flywheel teeth. As the shift 
lever reaches its limit of travel, it closes the cranking motor switch con- 
tacts. Occasionally, instead of meshing, the pinion teeth and flywheel- 
teeth hutt. When this happens, the clutch spring compresses, spring 
loading the pinion against the flywheel teeth. After the closing of the 
switch contacts takes place, the cranking motor armature need turn only 
one-half the width of a tooth before the pinion drops into mesh with the 
flywheel teeth, and cranking takes place. 

After the engine begins to operate, and before the pinion can be with- 
dravTi from the flywheel teeth, the overrunning clutch permits the pinion 
to overrun the motor armature, thus preventing the armature from being 
driven at excesswe speed. The pinion is withdrawn from the flywheel 
teeth by the shift-lever return -spring action, after the shift lever has been 
released. 


348 



DELCO-RRMY STARTI XCJ-MO'H >RS iv,] :t 49 



' ig . 1 — Sta^etki- 

MOTCim CONN'ECTE» TO 
PINION SHAW MY 
MEANS OF : 
f5r*AB8 

drive. 


Fig. 2 {Bight ). — Stabter- 

.MOTOR WITH ABMATL7KE 
AND PINION ON THE SAME 
SHAFT 

The drive on the self- 
starter shown is of the over- 
Tunning-elutch type. 




Flfj. 3 {Left ). — Starter- 
motor WITH .YMMA - 
TORE AND PINION ON 
THE SAME SHAFT 
The type of dfi\'e 
Sthown here is a Beridix. 
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-puuN&ea. ^CLUTCH SHELL Fig. 4 illustrates 

U ^ PlUMStn W.K!a ^tUUTtH W.Nfli Jjggjgng of 

yrJ m\.AJt ^"'^ oYerrumingcktch. 

The later type is 

-, |i,I-r designed so that a 

“ ||^ minimum of mass 

6UW1N4S-^ 4i.EtvE ^wssm"’ is subject to over- 

mailing. The heavy 

rAB L'EU TYPE CLUTCH outer shell, formerly 

lategrai with the 

o, vjKhvro pinion, is integral 

L<3Li^ — . PLUNfikER. tUCi I tr CLCCAJR •* ® 

CLUTCH 

LotH. sleeve and 

'^wiB.c collar assembly, 

which is splinted 
with the armature 
^ ^ shaft. The over- 

^ '-»u«rtkHc rumning effect is 

more positive in the 

lAlTEr type clljtck. later type, since 

4.— Two DESIGNS OF THE OVERBUNNING CLUTCH 

The later type clutch is designed so that a minimum of mass ^ 

is subject to overrunning. aAvay from the over- 

ninning section 

instead of toward it, as in the earlier type. This makes for less noise 
during the overrunning period, and lessens the possibility of clutch 
seizure due to excessiA^e overrunning, with its consequent danger of 
thrown armature windings. 


EAaUES_TY^ 

pluh&cb. 

^pluhces. ^pamGi 

feA PlMlOH AVJO 

COLLAE 





collar. 

'ASS EM. 


LATER TVPg CLUTCh 


JPig^ 4. Two DESIGNS OF THE OVEREUNNING CLUTCH 

The later ty|>e clutch is designed so that a minimum of mass 
is subject to overrunning. 


Dyer Drive 

The Dyer drive (Pig. 5), used on heavy^-duty petrol and Diesel-engine 
applications, provides positive engagement of the pinion and flywheel 
teeth before the cranking ^^shift lever 

operation begins. The pinion shift i ever return spring - y, / starting motor 
is moved toward the flywheel wF^siErvE 

by a manually or solenoid- 
operated shift lever, as in 
the overrunning-clutch drive. 

However, the Dyer drive 
causes the pinion to rotate 
as it moves toward the fly- 
wheel, so that it will find 
mesh with the flywheel before 
the shift lever completes its 

travel and closes the starting Fig. .h.—Thk Othr drive 



ENGINE FLYWHEEL 



J>E IX C »- H EM V ST A R'l'l A’ ( ; -M ( >T( )RS 


ivDi.. IV. j :i5i 


It 

Bl. TTON TYPE or 
» » } L t: >' O I D - 8 W I T C H 
t'ONTROC 

The control prew- 
switeh is sitiiatx^l mi ttie 
dash b:Mini. 
on this completes eircuit 
through solenoid ou 
starting- motor. 


Fig. 7 {Right). — SoLK^ollI 

EKLAV AIs^D PUSH-BUTTON 

CONTROX 

On some ears havdiig the 
eontrol push-button on the 
instrument panel, the push- 
button is eonne'cted electric- 
ally through the ignition 
switch and the solenoid relay 
circuit is earthed through the 
generator main brashes or 
through the upper contacts 
on the cut-out relay. (Refer 
to Fig. 8.) 


y-^«.«ua'0 
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8\\itch. When the engine firet?, the pinion is spun out of mesh ^vith the 
flvAvheel in a manner some^vhat similar to the Bendix type of drive. 
This demeshing takes place regardless of the shift -lever position, and 
provides an automatic protection for the motor against excessive speed, 
which would result if there was meshing after the engine was running. 

STARTER.MOTDR CONTROLS 
Manual-switch Types 

The overrunning clutch or Dyer drive, manually operated, involves 
the use of a foot pedal linked with the shift lever which sliifts the pinion 
into mesh and closes the starter-motor switch contacts. The foot pedal 
is usually linked to the throttle, so that the throttle is partly opened 
when the engine is turned. 

The Bendix drive does not require a shift lever. When one foot 
pedal is used for both starter control and accelerator, a vacuum -actuated 
latch device holds the starter-motor control mechanism out of the 
accelerator linkage when the engine is in operation. 

Solenoid-switch Types 

The solenoid-switch type of starter motors are controlled by : 

(1) Push-button on dash (Fig. 6). 

(2) Solenoid relay and dash push-button (Pig. 7). 

(3) Vacuum switch and solenoid relay (Figs. S and 9). 

The solenoid switch is used with either the overrunning clutch or 
Dyer-drive type of starter motor, and its function is to magnetically 
shift the pinion into mesh and close the starter contacts. To accomphsli 
this action, a shift plunger linked to the shift lever (Fig. 7) is drawm into 
the solenoid when the solenoid windings are energised. There are two 
windings in the solenoid : a pull-in winding which is shorted out as the 
motor contacts close, and a hold-iii winding which holds the plunger in 
the solenoid as long as the motor-control circuit is not broken. The 
shift-lever return -spring action opens the motor circuit and takes the 
pinion out of mesh wiien the control circuit is opened. 

Dash Push-button Control 

The solenoid swatch may be controlled by a ijush-button (Pig. 6). 

Dash Push-button and Solenoid Relay 

On some applications a relay, solenoid or separately mounted, is 
used with the solenoid switch (Fig. 7). Closing the dash push-button 
energises the relay, causing it to close its points. Closing of the relay 
points completes the solenoid cii*cuit, causing it to operate as described 
abov^e. 
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Fig. 9 ( .Lefi ). ~\av i; l m 

SWITCH AN'B SOLES' OI D - 

RELAY CO'NTRtJL. 

In tlio c&M^ of m s«pl!t 
(> r « h 11 ri t ii eld -t y fi e 
» iy rianio, t he inotor-^ con - 
tn>l eirfuit is completetl 
through thi0 vacuum ■ 
switch contacts, dynamo 
field, ami rc^lator eon- 


10 (Right.)— 

SWITCH COM- 
TROXLED BY 
SWITCH 

Depression of the 
accelerator pedal com- 
pletes circuit through 
the vacuum switch, and, 
as the engine fires, the 
vacuum created oper- 
ates the vacuum switch, 
opening the circuit. 



Salemoid Relay and Vacuum Switch 

Solenoid-relay control of the starter motor in many applications makes 
use of a vacuum stvitcli. In addition to making the starting o{^>eration 
automatic, the yacnuiii control protects the motor from uninteiit ionai or 
accidental operation which might damage the motor or drive. The 
vacuum sAvdtch operates on manifold and throttle opening. The o|eumg 
of the throttle causes, through linkage, the vaceum-switeh contacts to 
close- The motor-control circuit is completed throngli those contacts 
and auxiliary contacts in the cut-out relay or generator brushes (Fig. S),or 
through the generator field and regulator contacts in the split or shunt 
tield-type generator (Fig. 0). When the engine starts, the intake mani- 
fold yaeuuin which develops opens the vacuuin-switcii |M»ints. Tlie 
control circuit is also opened at the cut-out relay, where tlie ap[ dicat ion 
has cut-out relay auxiliary points. 

The types yvhieli complete the circuit through the d\nianii> brushes or 
field depend partly up)oii the eounter-xoltage of the dynamo acting back 

M.R-0. IV. — 23 
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tliroiigh the solenoid relay to reduce the solenoid relay voltage, opening its 
]Kdiits before the vacuum switch operates. This causes a more rapid 
demeshing of the motor pinion as the engine begins to operate, and is thus 
an added protection for the starter motor. 

In the event that trouble is experienced in the starter-motor operation, 
it may be necessary to check all of the various units in the control circuit 
to be sure that they are functioning normally. Clashing of the pinion with 
the flywheel teeth upon acceleration may be an indication of a defective 
or improperly adjusted vacuum switch. Failure of the motor to operate 
at all might indicate an open control circuit, or it might possibly he 
a defect in the motor itself. Test the various units of the control circuit 
with a voltmeter to determine w'hether or not battery voltage is being 
delivered to the units in the proper maimer. 

Magnetic Switches 

The magnetic switches are used with, the Bendix-type starting-motors 
and are controlled by push-button (remote control) or a vacuum switch 
(Fig. 10). 

With the remote-control type of switch, the magnetic coil is energised 
when the electrical circuit is completed through the remote-control switch 
on the instrument panel. After the magnetic coil is energised, the 
contact disc is drawn against the contact terminals and the battery 
current flows through the magnetic-switch terminals to the starter 
motor, thereby cranking the engine. 

On those applications, using the vacuum in combination with the 
magnetic switch, the vacuum-switch lever is linked to the accelerator 
pedal. Depression of the accelerator pedal completes the circuit through 
the vacuum switch, and, as the engine fires, the vacuum created operates 
the vaceum switch, opening the circuit immediately, making the motor 
inoperative until the engine stops again. 

Maintenance 

In order that normal service be obtained from the starting-motor 
with a minimum of trouble, a regular inspection and maintenance pro- 
cedure should be follow'ed. Periodic lubrication, and inspection of the 
brushes and commutator as outlined here, will ensure normal operation 
and hfe to all parts. The disassembly of the motor at stated intervals 
for a thorough overhaul is recommended as a safeguard against road 
failure from accumulations of dust and grease and normal wear of parts. 
The battery and external circuit must be kept in good condition. Defec- 
tive cables, loose ox corroded connections, and defective switch contacts 
must be checked for and eliminated when found. Any of these conditions 
will result in poor starting-motor performance. 

All bearings provided with hinge-cap or ball-type oilers should have 
eight to ten dops of light engine oil every 5,00€ miles. Grey iron or bronze 
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bearings witli 
greas6-cnps should 
have the grease- 
cups kept filled wit h 
medium cup grease 
and turned down 
one turn eyery 
5,000 miles. Ball 
bearings with 
grease- cups should 
have the grease - 
cups hept filled with 
ball-bearing grease 
and turned down 
one turn every 
5,000 miles. Oil 
plugs should he 
removed every six 
months, and the 
reservoir packed 
with graphite 
grease. Do not 
lubricate exces- 



iWHSNMB - sttwn msms, 


Fig. 11.— Special inboaed-type Bfivnix brite 



Fig. 12. — Special ouTBOARD-rYPi: Benbix bbite 

Unless arranged in their conwt order on the shaft, proper 
performance will not be obtained with both types of drive in 
Pigs. Hand 12. 


sively , and never oil 

the commutator. On some models oil wicks are used for lubrication of t he 


centre or drive end bearing. Thewick is saturated with oil before assembly. 
Whenever the motor is removed from the engine, the oil wick should be 
saturated wdth oil before the unit is reinstalled. All oilless-tyj>e bushings 
should be supplied with a few drops of light engine oil. Never lubricate 
the motor drives, since oil tends to gum on the parts of the drive and may 


prevent proper action. 


Inspection 

The cover band should be removed and the commutator and brushes 
inspected at regular intervmls. O'Ciierally speaking, car starters should 
he inspected every 5,000 miles of operation. 

If the commutator is dirty, it may be cleaned with a strip of Xo. Oi) 
sandpaper. Never use emery cloth to clean commutator. .All dust must 
be blown from the motor after the eomniiitator has be^en cleaned. If the 
commutator is rough or out of round, or has high mica, remove the unit 
from the engine and disassemble the armature. Turn the eoininiitator 
down ill a lathe, removing only sutfieient material to true up the ec.un- 
mutator and remove roughness and high mica. 

Replace worn brushes. If brushes wear rapidly, elieek for exet‘s^ive 
spring tension and roughness or high mica on the coin mutator. 
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Overhauling 

At intervals of approximately 25,000 miles, or about once a year, the 
motor should be removed from the engine and completely dismantled. 
All parts should be cleaned and worn parts replaced. 

Check the brush holders to make sure they are free on their pivot 
pins. The conmnitator should be trued in a lathe. All connections 
should he carefully checked and resoldered if necessary. Use resin flux 
in making soldered connections. Never use an acid flux on electrical 
connections. Submit the reassembled unit to a no-load and a torque 
test. 

Overhauling Bendix Drive 

Bendix drive should be well cleaned, but do not lubricate, since this 
would tend to gum on the spiral and prevent proper action. If the 
pinion teeth are badly burred, replace the pinion. Check the drift-pin 
spring, since the pinion would tend to drift into mesh while the engine 
is running if this spring is w^eakened. 

Illustrated in Figs. 11 and 12 are two special types of drives, different 
in construction from the standard Bendix in that the complete drives are 
built up from separate parts assembled directly on the armature shaft. 
Unless arranged in their correct order on the shaft, proper performance 
will not be obtained. The illustrations show completely assembled 
drives, together with exploded views of the parts in their proper arrange- 
ment and correct order of assembly. Fig. 11 illustrates the inboard ” 
type, designed to engage the flywheel as the pinion moves inw^ard or toward 
the armature. 

Fig. 12 illustrates the “ outboard ” type, designed to engage the 
fl^wvheelas the pinion moves outward or away from the armature. 

The Overrunning-clutch Drive 

The internal mechanism of this drive is packed in a special high- 
melting-point grease in initial assembly, and requires no further 
lubrication. It is not advisable to subject the overrunning clutch to 
grease -dissolving or high-temperature cleaning methods, since this may 
cause the clutch to lose its lubricant. If the pinion does not turn freely 
in the clutch in the overrunning direction, or the clutch tends to slip in the 
opposite direction, replace the assembly. A worn clutch, indicated by 
excessive looseness of the pinion, requires replacement. Never attempt 
to relubricate or repair a defective clutch. 

Where the overrunning-clutch shift is solenoid-operated, as illustrated 
in Tig. 7, the clearance between the pinion and housing should be ^ iii. 
when the pinion is in the operating position. After reassembly of the 
starter motor, check this clearance by using battery current to hold the 
plunger in the bottom position. Disconnect the solenoid to starting- 
motor lead so that motor will not operate. Close the solenoid circuit and 
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{nish the plunger in 
by liarid. Battery 
current will hoH 
the plunger in while 
the pillion clearance 
is checked. Adjust- 
ment can be made 
by backing out or 
turning in the stud 
in the plunger 
which is linked to 
the shift lever. 

Use a new' rubber 
boot, as the old boob 
may be deterio- 
rated enough to 
allow' moisture and 
dirt to enter the iiJ.— XuR^irE-TKST kqi ipment 

solenoid. 

The throttle cracker linkage to the starting- motor shift lever should 
be adjusted in accordance with the car manufacturer’s instructions. Care 
should be taken to avoid an excessively wide throttle o{>ening during 
initial start, since this will put undue stress on the overrunning clutch. 

Checks on Improperly Operating Starting-motor 

If the motor burns the engine slowdy or not at all, check the battery, 
battery terminals and connect ions, the earth calile.and the battery-to- 
motor cable. Corroded, frayed, or broken cables sliould be re|)laeed, and 
loose or dirty connections corrected. The motor switch should be cheeked 
for burned contacts, and the switch or contacts replaced as necessary. 

If all these are in order, remove the cover band of the motor and 
inspect the brushes and commutator. The brushes should form good 
contact with the correct brush-spring tension. A dirty coinnuitator can 
be cleaned with a strip ofXo. tiO sandpaper held against the commutator 
with a stick, wiiile the starting-motor operates with tiie ignition switch 
off- If the commutator is very dirty, or burned, or has high mica, 
remove the starting-motor, disassemble the armature, and take a cut oil 
the commutator in a lathe . 

If there are btirned bars on tlie commutator, it may indicate open- 
circuited armature coils which will prev’ent proper erankiiig. Ius|iect the 
soldered connections at the commutator riser bars. An open circuit 
will show excessive arcing at the commutator bar which is open, on the 
no-load test. 

Tight or dirty bearings wiE reduce armature speed or prevent tlic 
armature from turning. A Avorii bearing, bent siiaft, or loose tield-polc 
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screws will allow the armature to drag on the pole shoes, causing slow 
s{>eed or failure of the armature to revolve. Check for these conditions. 

If the brushes, brush-spring tension, and eominutator appear in good 
condition, the battery and external circuit found satisfactory, and the 
starting-motor still does not operate correctly, it will be necessary to 
remove the starting-motor for no-load and torque checks. 

No-load Test 

Connect the starting-motor in series with a battery of the specified 
voltage and an ammeter capable of reading several hundred amperes. 
If an r.p.m. indicator is available, read the armature r.p.m. in addition 
to the current draw. 

Torque Test 

Torque -test equipment such as illustrated in Eig. 13 is required to 
determine if the motor will develop its rated torque. The motor is 
securely clamped in position and the brake arm hooked to the drive pinion. 
If the brake arm is 1 ft. long, the torque, when the circuit to the starting- 
motor is closed, may be read directly from the scale. Some types of 
torque testers indicate the reading directly on a dial. It is advisable to 
use in the circuit a high current carrying variable resistance, so that the 
specified voltage at the motor can be obtained. A smaU variation of the 
voltage will produce a marked difference in the torque developed. 

Interpreting Results of No-load and Torque Tests 

(1 ) Rated torque, current draw, and no-load speed indicates normal 
condition of starting-motor. 

(2 ) Low free speed and high-current draw with low developed torque 
may result from : 

(a) Tight, dirty, or worn bearings, bent armature shaft, or loose field- 
pole screws, which would allow the armature to drag. 

(b) Shorted armature. Check armature further on growler. 

(c) An earthed armature or field. Check by raising the ground brushes 
and insulating them from the commutator with cardboard, and then 
checking with a test lamp betw^een the insulated terminal and the 
frame. If tests lamp lights, raise other brushes from commutator 
and check fields and commutator separately to determine w^hcther it 
is the fields or armature that are earthed. 

(3) Failure to operate with high-current draw : 

(а) A direct earth in the switch, terminal, or fields. 

(б) Frozen shaft bearings, which prevent the armature from turning. 

(4) Failure to operate with no -current draw : 

(a) Open field circuit. Inspect internal connections and trace 
circuit with a test lamp. 
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(6) 0])en armature coiLs. Ins|K‘et ttie f^r ImicIIv 

burned bars. Running: free s{>ee(I, an (>|:>€^m armature' will ^^how 
excessive arcing at the eonimutator bar which is 

(c) Broken or weakened brush springs, worn brushes, high mica 
on the commutator, or other causes which would preTent gocMi 
contact betw'een the brushes and commutator. Any of thes^ conditions 
will cause burned commutator bars. 

(5) Low’' no-load speed, with low* torque and low-eurwnt draw*, indi- 
cates : 

(а) An open field winding. Raise and insulate ungrounded brushes 
from commutator and check fields with test lamp. 

(б) High internal resistance due to poor connections, defective leads, 
dirty commutator, and causes listed under (4) (c) above. 

(6) High free speed, with low' develoj^ torque and high-current 
draw, indicates shorted fields. There is no easy w'ay to detect shorted 
fields, since the field resistance is already lo’w. If shorted fields are sus- 
pected, replace the fields and check for improvement in |)erfomiaiioe. 

TESTING AND ADJUSTING VACUUM SWITCH FOR STARTER- 

CONTROL CIRCUIT 

Two types of vacuum switches are used, one being mounted on the 
intake manifold, W’hile the other is mounted on the carburettor control 
or carburettor. 

Manifold-mounted Vacuum Switch 

The vacuum switch illustrated in Fig. 14 mounts on the intake mani- 
fold and is directly connected to the throttle linkage. The switch lever 
has a pointer, wiiich,used with the vrliite mark on the switch rim, provides 
an easy w’ay to adjust the vacuum-switch linkage. With the engine 
idling, adjust the pointer to the white mark. Refer to ear manufacturer's 
detailed instructions covering such adjustmeuts pertaining to the engine. 

Where other safety devices are used in conjunction with the vacuum 
switch to protect the starting-motor, the vacuum switch may l)eeome 
defective without impairing the starting- motor o{;>eration. For this 
reason the vacuum switch should be checked occasionally, as follows : 

(1) With the engine idling, disconnect the two leads on the vacuum 
swit ch. 

(2) Connect a 110-volfc test lamp on the two terminals. 

(3) Open the throttle to increase engine s{)eed. (Xo light should 
occur from idle to high speed.) 

(4) With the engine still idhiig, disconnect the throttle lever from 
switch and move the switch through the complete range of travel. { Lamp 
should not light or no binding should occur through tiie total range.) 

(5) With the lever in the centre position, disconnect the v^acuum line. 
Move the lever to full-throttle position and return to within J in. of idle 



sm [VUL. IV.] ELECTRICAL A^^I) ACCESSORY EQUIPMENT 

position or white 
line on the switch 
case. At this 
position, 1 in. 
ahead of wLiteline, 
the contact as- 
sembly will be 
released, giving a. 
dieting noise. 
(Test lamp should 
not light at any 
time.) 

(6) After con- 
tact assembly has been released, movement of the switch lever forward 
through - 3 ^ in. to J in. of travel should complete the circuit through the 
switch- The test lamp should light. 

Carburettor or Carburettor Choice-control Mounted Vacuum Switch 

On this type of switch, illustrated in Figs. 15 and 16, mechanical 
linkage is obtained through the carburettor throttle shaft, and the 
“ adjusting ear ” and “ push-rod ” in the switch. 

As the carburettor throttle valve is opened and closed, motion from 
the throttle is transmitted through the adjusting ear to the push-rod, to 
open or close the contact points of the vacnuni switch. 

Engine not Running 

When the engine is not ruiiniiig (Fig. 16), the carburettor throttle is 
held in the closed position by the throttle-re turn spring, and the adjusting 
ear against the push-rod holds the contact points open. The vacuum 
diaphragm is in the at rest position, as there is no vacuum in the intake 
manifold. 

Starting Position 

In starting the engine after the ignition switch has been turned on 
(Fig. 17), closing of the vacuum-switch contact points will complete the 
motor'Control circuit and cause the solenoid to mesh the motor-drive 
pinion and close the starter switch. 

Dejiressing the accelerator opens the throttle valve and allows the 
adjusting ear and push-rod to move as shown in Pig. 17. A 40°-50^ 
throttle opening allows the contact points to close, completing the 
erankiiig-motor control circuit. Note . — When operating the choke- 
control unit by hand always turn the shaft clockw ise (viewing carburettor 
side of choke assembly) as too much movement in opposite direction may 
damage contact spring. 
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Fig , 14 . — Manifold mocnted vAcrt’M switch 
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VACUUM PAESAC^E^ 

Fi (/. 1 o.~Carbi'rettor conteol mounted vacuum switch The vacuum 

This switch is identical in. operation to the vacuum sw'itch diaphragm col- 
shown in Fig. 11, which is mounted on the carburettor choke 

control. Both obtain linkage to the carburettor throttle shaft [apbeK.. cum|>resH. - 
through a mating sub-shaft, adjusting ear, and push-rod. ihg the SWitch 

springandrotating 

the switch cam. The lug on the switch cam opens the contact points 
and latches on an insulated pin on the contact -point blade, holding 
the points open. A spring and ball detent mechanism (not shown in the 
diagram) gives a wide differential betw^een the vacuum required to open 
the points and the vaciiuni required to hold them open. It takes a 
vacuum of 5 in. hg. to open the points, but w’hen once o][>en they will not 
close until this vacuum has dropped to below | in. hg. This is important , 
as it guards against possible engaging of the motor pinion when the 
vacuum is very _ 


Fi ( J . 1 o.~Carbi'rettor conteol mounted vacuum swttch 

This switch is identical in. operation to the vacuum sw'itch 
.shown in Fig. 11, which is mounted on the carburettor choke 
control. Both obtain linkage to the carburettor throttle shaft 
through a mating sub-shaft, adjusting ear, and push-rod. 


low^, as it would 
be when acceler- 
ating under load. 

Engine Stopped 

When the 
engine is stopped, 
the vacuum dia- 
phragm attempts 
to return to its 
at rest position, 
but the lug on the 
s w itch c a m , 
latched ])y the pin 
on the eontact 
blade, holds the 
contactsopen unt il 
the throttle closes. 
When the throttle 
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PUSH POD NIOVES IN 
THIS DIRECriON AS 



to Allow Contact Points to Close. 

Fig, 17. — Operation of TACtTcrM switch 
Engine being cranked . 



Fig. 18. — Operation 
or vAcurM switch^ 

Engine ninning (con- 
tact points held open 
by latched cam). 


closes, the adjusting ear moves the push-rod towards the contact arm, 
opening the points sufficiently so that the cam unlatches, allowing the 
vacuum diaphragm to return to the ‘‘ at rest position. The contact 
points are held open by the push-rod, but are free to close when the 
throttle is opened and the push-rod moved away from the contact arm. 


Method of Testiag on Engine 

The setting at which the switch cam unlatches to allow the contact 
points to close again after the engine has been stopped is an important 
factor in the correct operation of the starting system. 

Note. — Switches are adjusted at the factory to unlatch at a fairly 
“ fast ’’ throttle position (23'^~-26‘^ throttle opening on the choke-mounted 
type, and on the carburettor-mounted type) to allow for the 

stiffness of new engines. If, after the engine has w^orn in, there is a 
tendency for the pinion to clash upon acceleration, the adjusting ear on 
the throttle cam can be bent back so that the unlatching point will occur 
at 22°-24® throttle opening. The unlatching point of the switch can be 
checked on the engine as follows : 

(a) Set idle screw for 8 m.p.h., hot idle, then stop engine. 

(b) Pull out hand throttle until distance between end of idle screw and 
cold-idle cam in fast-idle position is in. This can he set with ^ in. 
spacer. Hand throttle must he left in this position throughout following 
test. 

(c) Turn on ignition and start engine. 

(d) Turn off ignition and make another start immediately after 
engine is stopped. This starting operation should be repeated at least 
three or four times. If the engine starts in each case after making the 
above check, the vacuum switch is timed properly for making contact in 
all positions of cold-idle cam. 


DELCO-EEMY SrARTIXG-MOTOHS [vol. 

(e) Pull out hand throttle until space betwce^n idle 'adjustment strew 
and cold-idle earn in fast jxDsition is J in. It should l>e impossible to 
start the engine more than once with the throttle in this |K>sitioii. 

If starting is possible under the conditions in (e) or is not jjossible 
under the conditions in (6), (d), the unlatch point is not in proper adjust- 
ment, and the carburettor and control nnit should be removed from the 
engine and further tests and adjustments made on a vacuum tester. 
The carburettor-mounted switch (Fig. 10) has an o{>ening through which 
the adjusting ear may be reached without removing the switch from the 
engine. Loosen the two through-bolts and swing the protective cover out 
of the way to get to adjusting ear. Tighten bolts tefore checking and 
adjusting. Bending the ear away from the push-rod lowers the cx>ntact- 
point unlatching setting. 

When assembling switch unit to choke, on the choke-mountad type, 
be sure to open the throttle to wide-open position and push the push-]i^ 
in against the shoulder. This will ensure against possible damage to the 
switch-contact arm. 

As long as the choke and switch assembly functions satisfactorily, do 
not change any adjustments even though the unlatch point does not fall 
within the limits specified above. 



PETROL-CONSUMPTION TESTS 

By C. E. B. SMITH 

T he main essential in investigating high petrol consumption on any 
vehicle is the correct diagnosis of the exact position of the throttle 
at -ft'Hcli excessive richness is taking place. 

Finding Position of Throttle at which Excessive Richness Occurs 

This can invariably be located by running the engine up light, and 
listening to the exhaust note. Heavy, lumpy running, invariably with 
black smoke from the exhaust, indicates an over-richness in the mixture. 

The amount of opening of the throttle valve during this test will then 
give a line as to whether the richness lies over the whole of the throttle 
range or is located at the pilot end, the intermediate jet stages, or purely 
main jet at the large throttle openings. 

Richness at all Throttle Openings 

In the event of the richness being apparent at all throttle openings on a 
car which has originally been correctly carburated, this will invariably be 
found to he due to either a punctured float, worn needle or needle seating, 
or, finally, a pressure being set up — in the case of a mechanical fuel pump 
— ^wioich is in excess of that which the needle seating of the float chamber is 
capable of withstanding. 

In the event of either or both of the first two faults mentioned being 
the case, rectification is, of course, the fitting of new parts. 

Trouble due to High Fuel-pump Pressure 

In the case of the trouble being due to high mechanical fuel-pump 
[iressure, a definite alteration to the diameter of the needle seating itself 
will be necessary. To enable this trouble to be completely cured a reliable 
pressure gauge should be introduced into the fuel line between the pump 
and the carburettor, and the exact pressure recorded on it should be 
noted. A suitable seating for the float chamber can then be supplied by 
the carburettor manufacturers to successfully withstand the pressure in 
question. 

Faulty Adjustment of Pilot Air Screw 

A great source of petrol wastage on the average car to-day lies with a 
faultily adjusted pilot air screw. On most present-day carburettors, this 
controls the amount of air going to the slow-running assembly, and if set 
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on the rich side results in a v'ery marked increase in {)€trol consumption^ 
due to the fact that this slo^v -running system is subject to a very higli 
depression on every overnin, with the result that when this adjustment is 
set at all on the rich side, an over-rich mixture is l>eing eontinuallT drawn 
into the motor, and, in town work particularly, will lead to excessive 
wastage. Consequently, tiiis adjustment should always l>e set, when 
consumption is being studied, as weak as possible consistent with decent 
slow-running ; if the engine tends to race when this screw’ is adjusted on 
the w’eak side, then the engine r.p.m. should be slowed dowm by means 
of the adjustable throttle stop-screw. 

This is very important, as quite a common habit is to slow down the 
speed of the engine tick-over by richening the pilot air-adjusting sctcw, 
instead of utilising the throttle stop-screw as mentioned previously. 

Banging'^ in the Silencer on Overrun 

A point well worth bearing in mind during the original diagnosis as to 
mixture strength is the well-knowm symptom of banging ” in the sUeneer 
on the overrun. This can be caused by faulty pilot adjustment, w’hich, of 
course, can be readily checked up by alternately richening and vt’eakening 
the pilot adjusting screw’ and cheeking the car on the overrun. One of 
the main causes of this symptom, however, is a had air leak in the silencer 
system, cither in the silencer itself or at one of the exhaust flanges. This 
results in a certain amount of richness, which must take place from the 
pilot system on the overrun, passing through into the warm silencer, and 
the amount of air which it picks up from the air leak on its w'ay makes it 
so readily combustible that the heat of the silencer ignites it, with a second 
small explosion, which is alluded to as hanging ” in the silencer. This 
point should always be well checked up before any alteration to car- 
burettor setting is made. 

Mistaken Use of Small Jets 

A great fallacy, which seems to he much believed, is that a good petrol 
consumption can be obtained by the usage of small jets in the carburettor. 
This is quite a mistake, as, invariably, the usage of a very ‘‘ thin ” mixture 
setting will not give as good all-round petrol consumption as a correct 
setting, due to the fact that for a given speed t he throttle has to l>e opened 
very much more on tlie very thin setting than it would l>e on correct 
mixture, with an ultimate increase in depression on the jets. 

Tuning up far Good Petrol Consumption 

AVheu timing uj>, therefore, for consumption, tlie correct jet settiiiir 
to give the maximum perfonnaiice of the car should be litted. with special 
attention ])aidto the slow-rnnuing adjustment, as previously mentioned, 
and such things as leaky WMshers, dripj>ing taps, etc., fully eliminated. 
By this means it will be found that a really good jictrohcoiisiiniptioii 
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figure v’ill fie obtained wifcliout in any 
way detracting from the performance 
of the vehicle. 

A Further Adjustment on Acceleration- 
type Carburettor 

Another adjustment on the 
acceleration pump-type of carburettor 
can be achieved by altering the time 
period of the pump stroke. This, on 
most pump-type carburettors, consists 
of an adjustment of tlie stroke of the 
pump as well as an adjustable pump 
jet. It will often be found that snap 
acceleration, when the accelerator 
pedal is suddenly depressed, can be 
obtained quite as readily with the 
pump set to give quite a small stroke, 
instead of utilising its full stroke, with 
the consequent positive saving of a 
certain amount of fuel each time the 
accelerator is suddenly depressed. It 
wiU be readily appreciated that a 
large saving can accrue over a long 
run by this method. 

PETROL- CONSUMPTION TESTS 

Now, as regards general means of 
testing petrol consumption, there are 
really three methods of going about 
this : 

(1) Using a flowmeter attached to 
a car test set. 

(2) Checking the analysis of the 
exhaust gas, which is a direct indica- 
tion of mixture strength. 

(3) Road test of miles done on a 
known quantity of fuel. 

[Lejt) Amal flowmeter fob testing petrol 

CONSUMPTION 

The flowinetei is coupled in tlio fuel system. 
Pints per hour scales are indicated in the 
centre. The white scales indicate the corre- 
sponding miles-per-gallon figures at various 
[By courtesy of Shew dh Kilburti, Ltd,) 
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Use of a Flowmeter 

With regard to the first method, i\m usually eousists of an Amal 
flowmeter -wdiieh is incorj>orated in a large test set which is etjuipped for 
showing the brake horse-power of the ear being tested, as well as pints [>er 
hour being used at certain road sj>eeds ; sut^idiary tackle is usually in- 
corporated for synchronising brake adjustment, etc.* The Amal flowmeter 
in this case is coupled in the fuel system and indicates by means of the 
le-v^el of petrol in a glass tube, on a scale, the pints per hour which th© 
carburettor is taking. The float chamber on the flowmeter itself main- 
tains a constant level in this instrument, and the fuel supply to the glais 
tube is controlled by a known size “ venturi jet.” Consequently, a bal- 
ance is obtained between the venturi jet and the amount of fuel flow'ing 
to the carburettor. This results in a certain level being reached in the 
glass tuhe, which is then read off a scale-plate at the back in pints per 
hour. 

When dealing with these instruments, great care should be exerci^d 
that all air bubbles, etc., are cleared from the machine before a run is 
made, otherwise an artificial level of fuel in the glass tube can be obtained, 
resultmg in a wrong reading being taken. 

Naturally, the procedure with this instrument when it is used for 
checking petrol consumption is to take a series of readings at various road 
speeds with various brake horse-power indicated and the smallest pints- 
per-houT reading possible being obtained on the flownneter. It is always 
essential, of course, on any of these tests, to take a base reading before the 
carburettor is touched in any way, so that one knows exactly the value of 
the improvement obtained. 

Exhaust-gas Analysis 

Regarding the second method, of exhaust-gas analysis, a typical port- 
able plant consists of a sampling tube chpped to the exhaust pipe of the 
vehicle, which leads through the instrument and records on a movable 
pointer the petrol -air ratio of the mixture strength. This instrument, 
which is quite compact in size and shape, can be carried inside the car, 
and a run done over a knowm test circuit. Petrol-air ratios can then be 
jotted do^vn by an observ^er in conjunction with speedometer readings 
at certain points of the test circuit. This can then be rej>eated after 
carburettor adjustments have taken place, and their various effects can 
be then noted by the alteration in petrol-air ratios shown. 

This method, of course, is a pure comparator, and giv’es only a ready 
indication of the alterations which have been made to the carburettor 
setting. 

How to carry out a Petrol- consumption Test on the Road 

Coneerning the third and last method of petrol-consuniptioii test , this 
consists in using a certain quantity of fuel over a known mileage, giving 
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the actual eoiisiimptioii of tlie car in question in miles per gallon. There is 
only one absolutely foolproof method of doing this, and that is to utilise 
a small test tank, whieli can be of any capacity, but which should have a 
small -diameter vertical tiller neck on which a visible mark is scratched. 

This tank can be put in parallel with the main fuel system of the car 
and the necessary three-way tap incorporated close to the driver, so that 
the car can he driven to a certain test circuit on its own fuel tank, and then 
at will switched over to the consnmption-test tank at a given point. 

The Test Run 

The normal procedure is as follows : fill the test tank up before leaving 
the repair w^orks to the mark on the narrow neck of same. It is then 
necessary either to work on the car speedometer, if known to he accurate, 
or else, better still, as previously mentioned, to use a test circuit the 
mileage of W'hich is accurately known. 

In the first case, the speedometer trip is set to zero, the test-tank tap 
is opened, and any mileage is done within the capacity of the test tank. 
In the case of the knowm mileage-test circuit, the tank is switched into 
operation as the first mark of the test circuit is passed, and again switched 
out of operation as the last mark of the test circuit is passed. In either 
case, therefore, a knowm mileage has been done, which is the essential. 

Measuring the Amount of Petrol Consumed 

The procedure is then as foUow^s : By means of a fluid-ounce measure, 
the small test tank is then “ topped up ” until it is up to the mark previ- 
ously mentioned on the filler neck. Having a narrow vertical neck does 
aw’ay with the possibihty of error in the filling. The number of ounces 
which it is necessary to put in to fill up to the mark must he carefully 
noted. 

Calculating Miles per Gallon 

160 X M ,, 

= miles per gallon, 

31 being the number of miles travelled, and Q quantity used in fluid 
ounces, the petrol consuniptioii in miles per gallon can he determined. 

This is a v'^ery much more accurate method than, say, putting a gallon 
of petrol ill a tank and running the car until it is consumed, as it does 
away with the possibility of error due to fuel running out in the one case 
on a down-hill gradient, or in another case on an up-hill gradient, etc., 
which on a small quantity of fuel naturally multiplies the error immensely. 

It will, therefore, be noted that the actual cajiacity of the test tank is of 
no moment, it being necessary only to accurately measure the amount of 
fuel put in to top up to the original mark on the neck. 
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The Arnal Flo\vmeter 

Reverting huek to tlie use ot*aii Ainal How meter, tlie iliustratinn allows 
this iiistniineiit, on vvhieFi Avill l)e noted the {Hnts-{>er-hour scales sit uatet! 
in the centre, and on either side white subsidiary st^ales which convert 
these readings to miles-} >er-galioii figures at an indimted miles-}>er-hoiir 
speed. 

It will thus he seen that the miles |)er gallon can lx‘ immediately reaci 
oif the instrument by referring to either the right- or left-hand scale- plate, 
according to Avhich pin ts-})er -hour tube is l)eing used. Should at any time 
a discrepancy be stis|>ected in the funetioning of this flowmeter, a ready 
cheek is quite easily made. The fuel pi{)e from the flowmieter to the 
carburettor should be disconnected at the tap of the flow^meter, and this 
tap should be slightly opened to allow' a small quantity of fuel to run out. 

With the aid of a stop-watch and a certified glass measure a timed flow 
for one minute should be taken, which, after being converted into pints 
per hour, should he compared with the actual scale reading. 

A set of these readings should then be taken over the whole of the 
scale, that is, by varying the tap 0{)ening, and unless the scale readings 
absolutely^ agree with the measured quantity, there is then someerror in the 
machine's recording. This is invariably traced to dirt or foreign matter 
of some description getting into the venturi jet, w^hich is situated at the 
base of the flowmeter tubes. There is a separate venturi Jet for each scale, 
that is, tw^o per machine. In the event of one of these jets getting slightly 
silted up, the machine will record a greater pints -per- hour flow’ than is 
actually taking place, due to the fact that the balance betw'een the filling 
and emptying of the glass tube has been upset. 

These venturi jets should be cleaned with a piece of soft twine or w’ool, 
and under no circumstances should be cleaned out by using a metal instru- 
ment, such as a needle or a reamer, as, should they in any w ay l>e enlarged, 
this then renders the scale readings inaccurate. 

In the event of the venturi jet a}:)pareiitly being clean, as well as the 
rest of the machine, and the scale readings still not indicating the true 
quantity collected in the measuring glass, then the makers' assistance 
should be called in. 

Do not alter Carburettor Petrol Levels 

In conclusion, it might be as well to draw attention to the tact that 
under no circumstances should petrol levels of carburettors be altered in an 
endeavour to obtain a good {)etrol consuin})tion : invariably the lev'e! set 
by tlie makers has been found to be ideal for general pur|ioses. and an 
alteration to this w'illiuost jirobably lead to the olitaiiiing of an unsatis- 
factory setting. 


M.a.o. 



THE ELECTRICAL EQUIPMENT ON THE 
HILLMAN MINX 

DYNAMO 

T he bearings supporting the dynamo armature should be lubricated 
sparingly at intervals of approximately six thousand miles. It is 
also advisable to examine the commutator and brushes periodically, 
and to clean the commutator if necessary. 

In cleaning a commutator it is important that emery cloth should not 
be used. The most satisfactory method is to use one of the pumice sticks 
specially prepared for this purpose, but if this is not available, glasspaper 
will he found to he a fairly satisfactory substitute. 

Pressure of Brushes 

It is most important that the brushes should operate freely in their 
carriers, and if, as the result of continual use, the spring pressure on the 
brushes appears to be unsatisfactory, it can he tested as follows ; 

Hook a small spring balance round the loop at the end of the spring. 
The spring on the thin control brash should lift when a pull of 14 ozs. or 
more is applied, whereas the spring on the main brushes should not lift 
until subjected to a ])ull of at least 18 ozs. If the brushes have worn 
extensively and replacements are fitted, it is usually advisable to test the 
spring tensions, as they may have been overheated by use with worn 
brushes, and will as a result have lost them strength. 

When new brushes are fitted, the bedding of these brushes to the com- 
mutator is accomplished by the use of the special pumice sticks on t he coni- 
niutator. The powder clings to the commutator and in the segments and 
satisfact orily beds t he brushes to the commutator. After t he commutator 
stick has been used, the dynamo should he left running for ap])roximately 
live minutes rvith the brush cover removed. The remaining powder 
should tlieii be blown away. 

Commutator 

After e.xtciisive use the segments or bars of the commutator will have 
worn. It then becomes nece.ssary to cut hack the mica insulator fitted 
between each coinnnitatt)!- bar. This must he done with extreme care, 
use being made of a parallel -sided saw. 

As special eipiipment is really necessary, it is recoinineiided that this 
should only be undertaken by a fully qualified electrician possessing the 
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Fig, 2. — Switch conntec’tic^ns 

equipment. To gain access to the commutator for this treatment it 
be necessary to dismantle the djmamo, as described later. 

Control Brush 

On examining the brush gear, it will be found that the thin brush is 
nionnted so that it can be mo\^ed relative to the two fixed brushes. The 
original setting is marked ^ith white paint. The dynamo is despatched 
from the factory so that it gives its maximum safe output. The output 
of the dynamo can, however, be reduced shoxild circumstances demand it, 
by moving this control brush slightly in the opposite direction to that in 
which the armature turns. 

To Dismantle Dynamo and Rebuild 

Remove dynamo from engine. Remove fan pulley. Remove two 
holts passing from end to end of the unit. Withdraw carefully the com- 
mutator end, and when this has been brought a short distance, disconnect 
the leads to the brushes. The end complete with brush gear can then be 
removed. The armature complete with the front end plate can also be 
withdrawn. 

In rebuilding the unit, extreme care must be taken to lift the brushes 
so that they pass over the edge of the commutator, othervyise damage will 
be done to the brush gear. 

STARTER MOTOR 

The attention required by this unit is very similar to that required by 
the dynamo, although it will not be necessary to attend to this except at 
very long intervals. 

In the case of the starter motor, a tendency to blacken the commutator 
will be noticed. This is inevitable. As the occasion arises, tlie commuta- 
tor should be cleaned, using a comnuitator stick as for the dynamo. 

Starter Drive 

The starter engages in the fly wired through a special piinion operating 
on a spiral. The important point is that this pinion or its spiral should 
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not be lubrieated in any way, and it should l)e examined {>eri«Kiieally to 
make sure that it is c*lean and free from oil, as if oil and dirt lire allowed to 
coagulate, the engagement of this piinoii in the flywheel may become 
spasmodic. 

To prevent the [>inion from rolling forward and catching the flywheel 
a light spring is fitted in front of the sliding pinion, i.e. between the pinion 
and the starter motor. If any noise is heard from this part, particularly 
when the brakes are applied, it indicates that this spring should be repkced. 

In t he event of the starter motor pinion becoming jammed in the starter 
gear, this can be freed by removing the small cover held over the forwawl 
end of the armature spindle by two small screws. This will reveal a square 
shank, and it should be turned in a clockw’ise direction by means of a 
spanner. 

If it is necessary to dismantle the starter pinion, the starter should be 
removed and the left-hand threaded nut unscrewed from the rear end of 
the armature spindle, when the spring, sleeve and pinion may be removed. 

Lubrication 

The cap held by two small screws at the forward end of the armature 
spindle is filled with grease during erection, and it is unlikely that it will 
require further attention except at very infrequent intervals. 

If the starter should become noisy, particularly after the car has 
started, whilst the starter revolutions are dying dowm. it is an indication 
that grease is required at this point and the cap should be removed. 

The rear bearing for the starter armature is packed with lubricant 
during erection and docs not require attention. 

IGNITION SYSTEM 

Cleaning of Points 

When the engine has been in use for some considerable |>eTiod, an 
examination of the contact breaker points on the distributor will reveal 
that whilst a crater has formed in one point, a corresponding tip or {Kunt 
is built up on the op])osite point. 

To clean the di.stribiitor points and at the same time to ensure that 
there is no undue wastage of material, the point with the crater should 
not be touched. The tip formed on the other point should be lightly 
ground off on an oil stone. 

Lubrication 

Mounted at a })oint on the distributor body in some TdlUbT and in 
1038 and 1931) models is an ordinary oiler. Thin lubricating oil should 
be applied here, when it will percolate through the porous hush support- 
ing the distributor shaft and thus provide lubrication at this point. Stone 
distributors on 1P36-7 models are provided with a grease cap which should 
he moved two tnrns approximately every 1,000 miles. 
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ELECTRICAL EQUIPMENT ON HILLMAN MINX [%ml iv] .175 

Upon reiuovin}^ the distrilnitur t*a[i and the rt>tur. it will L that 
tlie earn gear Ls hollaw and that the distrihuter .shaft is extended tlimiiLdi 
tlie earii^^. Aetually tlie eanir> are aulvaneed by the eefitritinrai r iieehaiiisiii 
on the distributor shaft at this jioiiit. 

To prevent seizure, oil should In* applied to the head of the siiuft. 
which is eai{)ped by a setserew and xvhieh ami iu»t be renusvetl. This <dl 
will pass down the bearing, keeping the eain gear fret\ and alsi) provide 
lubricant for the pirn supporting the centrifugal weights. 

Suction Advance Mechanism 

The centrifugal control in all Hillman Minx from Chassis No. I(wi543l 
(1938) is supplemented by an external auction eontnjl device mhich is 
connected to a special point on the carburettor. 

It is essential that the distributor should operate freely in the mount- 
ing bracket secured to the cylinder head. This |K>int should he c'hecke<l 
periodically, and if necessary the distributor should W rtnnov"e«l from the 
mounting bracket so that the bearing lietvveen the two may b.e lubricated 
with a graphite grease. 

Coil 

The coil requires very little attention. It is, however. imi>ortant that 
surface leakage between the terminals should he {irevented by keeping 
the top of the coil quite clean. The earth return from the coil is through 
the battery", and thus poor battery" connections will cause a misfire and 
ignition troubles. 

Cut-out and Fuse Box 

This is mounted on the dash pan and is a unit with tlie jiuu-tian l)OX 
shown on the wiring diagrams (for 1939 models, see page 37 1). Btdtnv 
the eox^er of the cut-out two fuse clipis are prov^ided : the sliort fust* of 
6 amps, capacity is in the dynamo field cireuit, whilst the long fust^ of 
25 amps, capacity is provided for the auxiliary etpiipinent, such as horn, 
windscreen wiper, trafficators, roof light, etc. Should any fitting 
added, it should be connected to the terminals marked ‘‘ Al'X " and 
E ” so that this fuse is incorporated in the circuit. 

CJreat care should be taken that the points of the rut-oiit are not 
pushed together whilst tlie lid of the cut-out is removed, fn. say. the 
replacement of tlie fuses. As a precautionary measure any odd inece of 
thin card, such as a cigarette card or a tram ticket, should he placed 
between the cut-out points whilst the fuses are receiving attention. 

To Remove and Refit Speedometer 

To remove speedometer on 1939 models, di.sctamect i«ptx‘«li imeter 
cable. Remove jianel switcli complete witli liracket hy undoing tlu^two 
screws securing the bracket to the speedometer. Pull panel luilhs (Mit ut 
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rear of speedometer. Remove kiuirled nuts securing clamp to speedo- 
meter and disconnect eartli wire. Speedometer can tlien Le removed 
through front of panel. 

The replacement is a direct reversal of tlie above operations. Take 
care to replace earthing wire below knurled nut of clamp. 

Instrument Panel and Warning Bulbs 

There are four 6-8 volt (2 watts) screw-in -bulbs on the instrument 
panel, all of which are interchangeable except petrol gauge bulb which is 
special 6-8 volts (bS watts). The holders of the ignition and oil pressure 
wiring bulbs, also the lighting bulbs in the speedometer assembly, can be 
pulled out of their sockets. In the case of the fuel gauge, the contact 
plate to the low’er contact of the bulb is pushed to one side when the bulb, 
complete with holder, can be withdrawn. 



THE ELECTRICAL EQUIPVIENT OF THE 
FIAT MODEL 509 CAR 

Batteiy 

A MARELLI 6 BA 7 or Exide (\ LHS7-1, of 30 amp, hours capacity, h 
fitted in a box xinder tiie floor of the tail of the IkkIv on the left-hand 
side and is easily accessible for ins{>eetion. 

Starting Motor 

This is located on the left-hand side of the eyliritL^r black. tLngag 
iiient of the motor pinion wdth the flywheel crown is controlled, at tliesame 
time as the starting switch , by a pull knob on t he dash . Fn>m enj/ine No. 
033508, the pinion is fitted with free-wheeling device and is driven by the 
starter motor spindle tliroiigb two reduction gears. Prior to this serial 
engine no. the motor spindle drives the pinion directly. The pinion is 
not provided with a free-wheel device. 

Lamps 

These are mounted on the wings by means of a ball headed stud, 
allowing of easy adjustment of the light beams. The lamf) for town driv- 
ing is 3 watts, a central double filament 35 watt lamp is used for head- 
lights and 20 watt lamps for anti -dazzle lights. 

The dash lamp with push button switch on the instriinient Ixmrd is 
provided with a revolving shade which can be turned so as to light up 
either the instrument board alone or the whole of the interior of tlie car 
(3 watt lamp). 

A phig-in connection for an inspection lamp is provided under tlie 
facia board . 

Accessories 

Direction indicators are fitted on the sides of the windscreen, and from 
chassis No. 0 14420 are inechaiiieally controlled by a handle located on the 
upper edge of the facia board. T|) ti> chassis Xo. o 14420 the direc-tiun 
indicators are controlled l>v means of solenoids arranged I rebind the 
instrument board. 

Fuses 

The two fuses protecting the installaticm. situated behiiul the external 
lighting switch, serve' respectively the following : 

Rigbt-liand fuse for right-hand headlamp, anti dazzle liiilits. town 
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Fig, 3. — Elbctricax eqi-ipmemt diagram 

n 1 <=^iagTam a lever-controlled switch for the exterior ligliting is shown. B. Ignition 

oil Ba. Battery, C d. pireetionmdieator switch, D. Dynamo, jDr. Ignition contact breaker, 
^ fuses, la. “ Stop ” lamp switch. Id. Direction indicator 

^optional), Iq. Dash lamp switch. Is. Starter motor switch (operated from dash), Li. 
Connection for eventual inspection lamp, Lq. Dash lamp, P. Electric horn button, K. 
Automatic cut-out, S. Self-starting motor, T. Electric horn, Tc. Screen wiper, Y. Tail 
lamp and stop signal. . ^ 



FLAT MODPJL nm VAR 


[voL. rr.] 3S1 



Fig^ 4. DvN.\.MO r!R< L it IHAiiltAM 

The vvariiinii lamp iiniieates when d.vnaino w rmt cijar^iri^ Wtterv. 

Controls 

In the centre is the lock-and-key switch for ignition and external 
illumination. The key of the lock-and-key s^^iteh can l>e inerted down 
to the first stop to control the external liglits. but to (*ltKsc‘ the ignition 
circuit it must be pushed farther down. 

For cars up to No. 015734 and tliose l>et\veen Xo. nH)77l and Xo. 
019839, a different control switch is used. *A lever switch for external 
lighting is provided. In the centre of this switch, a key switch is provided 
for controlling the ignition. On the pivot of the lever eontnjlling the 
external lighting switch is a red tell-tale lamp whicii shows when the 
dynamo voltage is not sufficient for charging the Imttery. 

Headlight Alignment 

Place the ear on level ground, at a distance of 5 metres (nearly 17 feet) 
from a shadowy white screen. S(‘e that the lenszth of t he car is square with 
the screen. 

Draw a vertical line on the screen, corresfionding to the vtrtiial axis 
of the car, and then trace on either side t>f this line a cross at a heiLdit of 
2 ft. 4 ins. from the floor and at a distance of 3 ft. 2:1 ins. frcun each other. 


F i(j - 5 . — D Y s AM 0 c a A «« e 
cmvES 

The maxinium cliargo 
is the one supplied by tht‘ 
ilyiiaino without Held re- 
isistance. Maximum charge 
with warm engriiie T-o ainji. 
Staiiilard fharge with warm 
engine ti-a amp). 



R p m 
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With car unladen, direct the headlami) light straight on to the screen so as 
to make the centre of each pool of light coincide with the cross on its side 
of the I'ertical line. Ihe headlamps may be adiusted aft or •slarl ■ 
the lotver nnt irhich fi.yes each to its support. ^ «l^ckening 


IGNITION DISTRIBUTOR 

The i^ition distributor is a Magnet! Marelli S 25 T 1 4 tyne 
The clearance between the breaker points should be -0 l(i in’ to -Olfl in 
^+f advance device begins to operate when theemdne Ins 




FIAT MODEL ;.oi» (’Al 



Section E-r P • 
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IGNITION COIL 

The ignition eoil 
is of the Magnet i 
Marelli type. At 
various engine 
spee ds regular sparks 
8 mm . ill length 
should be observed. 

The sparking 
plug gap should be 
•015 in. to -020 in. 

DYNAMO 

IHg. 8. — Dynamo ARMATi Kii coix winding diagram The dynamo is 

of the Fiat 75/12 

type, giving 75 watts. It has two poles and ^rd-brush-and-resistance 
regulation. It begins to charge (on top gear) at 12-| m.p.h. The maxi- 
mum output with headlamps off is 6*5 amp., and with headlamps on, 
7'5amp. The rotation (coupling end) is clockwise. The transmission ratio : 

is 1 : 1.25. 

dynamo 

Adjusting Tension of Dynamo Driving Belt 

The pulley on the dynamo spindle consists of tw'o outer discs with 
several intermediate spacing rings forming the pulley groove. When 
the belt becomes slack it should he drawn off and the pulley dismantled. 
One o*r two of the spacing rings should then be moved to the outside of the 
pulley side discs. In this ^vvay the pulley groove will be made narrower 
and the belt will be 
tightened. 

Automatic Cut-out 

Data for adjust- 
ment : spring tension 
against the contact 
holder, about 10 oz. 

Gap between iron core 
and contact holder, from 
■02 in. to “04 in. closed. 

Closed contact voltage 
12-5 at 770 r.p.in. Dis- 
connection output, 2-5 
to 3 amps. 




Fuj. II. — StAHTEK MOTDK ARMATL re coil WJNDIXU DIAOKAM 
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REWINDING DATA 

Dynamo Windings 

In case of a rewind, the coil 'winding data is as follows : 

Armature WiTidiTigs — symmetrical. 12 slots, 24 comm. bars. Wind- 
ing pitch 3 + 5. Pitch to the comimitator + 1. 52 wires per slot. 4 

coils per slot. 13 turns per coil. Total 624 turns. Diameter of bare 
'wire *03 in. Diameter of insulated wire (enamel and double cotton 
coYered), maximum in. 

Field Windiniga. — 2 poles. 212 turns per pole. Diameter of copper 
wire 0*70 mm. 

Starter Motor 

The construction of the starter motor may be seen from Fig. 6. 
Maximum power deweloped is 0*70 h.p. Rotation (pinion end) is clock- 
wise. Transmission ratio, engine : motor is 1 : 8-4. 

Starter Motor Windings 

The following winding particulars may be useful in case a rewind is 
necessary. 

Armature Coils, — Series winding. Winding pitch, 5. Pitch to com- 
mutator, 9. 19 slots, 4 wires per slob, 38 coils. 2 turns per coil, 76 turns 

in all. 19 commutator bars. Diameter of insulated wire 2*1 to 2-3 mm. 
Field Coils, — 4 poles. 5 turns per pole. Copper section 4*8 sq. mm. 



HUDSON & TERRAI‘L.4NE 
ELECTRICAL EQUIPMENT 

S INCE 1937, 12-volt electrical equipment has been used on Hudson 
and Terraplaue cars in this country. Wiring diagrams and details 
applicable to the 12- volt equipment for the 1937, 1938, and 1939 
models are therefore given in this section. 

Hudson IS -9 (1939) 

Fig. 1 shows the wiring diagram of the Hudson 16-9. Details of the 
electrical equipment are as follows : 

K 12-volt 75-amp. 11-plate Exide-type 6XCK.ll battery is ui^. 
The dynamo has a charging rate of 8 amps, on cars fitted with a dynamo 
relay ; where a voltage regulator is installed for radio the rate is 12*5 
amps. ; adjustment is made by means of the third brush. Lamp data : 
headlamps, 36 watts each, D.C. base ; side lamps, 4 watts, S.C. ; instru- 
ment lamps, 3 watts, S.C. ; dash signals, 2 watts, S.C. ; dome lamp, 
9 watts, S.C. ; licence-plate lamp, 4 watts, S.C. ; “ stop ” and tail lamps 
18 and 3 w^atts, D.C. ; indicator signals, 3 w^atts, festoon ; beam indicator, 
2 watts, S.C. ; and service lamp, 3 watts, S.C. 

Fuse data for the Hudson 16*9 car is : lighting circuit fuse, 20 amps. : 
accessory circuit fuse, 20 amps. 

Hudson Six 21 -6 (1939) 

The wiring diagram of the Hudson 21-6, 1939 model, is shown in Fig. 2. 
Battery, lamp bulb, and fuse particulars are as for Hudson 16-9, 1939 
model. The speedometer and clock lamp is 3 w^atts, S.C. The dynamo 
charging rate is 12*5 amps., adjustment being by means of third brush. 

Hudson and Terraplaue (1938) 

The wiring diagram of the Hudson Terraplane (1938) model, is shown 
in Fig. 3. An Exide 75-amp.-type 6XCM.11-1 battery is used. The 
dynamo of the standard series, i.e. cars not fitted with voltage regulator, 
is 8 amps. On the De Luxe series and all Hudson models the rate is 
12*5 amps. Adjustment is made hy means of the third brush. 

There are two fuses of 20 amps, oontrolling the lighting and accessory 
circuits. 

The wattages for the lamps are similar to those given for the Hudson 
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Fig. S.—WlElNO DIAGRAM OF THE HUDSON AND TERRAPLANE (1938) 
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U)-9, except the dome lamp (B watts, S.E.) and the tail and “ stop lamp 
(21 and 6 wattes, I).C.). The indiea tor -s\\ itch lamp is -.‘I amp.. S.CA 

Hudson 112/89 series (1938) 

The wiring diagram for this carLs given in Hg. 4, and the hatterj and 
fuse data are as for the Hudson Terraplarie of the same year. The 
charging rate on cars fitted with a generator relay is H anips^. Where a 
voltage regulator is installed for radio, the rate is 12-5 amps. 

The lamps fitted are : head, 21 and 50 watts, I)X\ ; side. 3 watts, 
S.C. ; instrument, 3 watts, S.C. ; dash signals, 1-5 watts, S.C. : dome. 15 
watts, S.C, ; licence plate, 3 watts, S.C. ; tail and ‘"stop,” 21 and 0 
watts, T.C. ; indicator signals, 3 watts, festoon ; indicator-switch lamp, 
•3 amp., S.C. 

Hudson and Terraplane (1937 series) 

The wiring diagram for these cars is given in Fig. 5, The batterv’ and 
charging rate are as given for the 1938 Hudson and Terraplarie. 

Lamp hulbs are : headlamps, 40 watts each, D.C. ; side, instrument, 
service light, licence-plate lamps, 3 watts, S.C. ; tail and ‘"stop,” 21 and 
(> watts, D.C. ; dome eight, 15 Avatts, S.C. ; dash signals, 2 watts, S.C. 

THE ELECTRIC HAND 

The electric hand provides a means of changing the gears of an 
ordinary gearbox by mechanical power. The control of the mechanism is 
electrical, -while the power for the changing is derived from the vacuum of 
the engine -intake manifold. 

Clutch Circuit Breaker 

When the clutch is engaged the electrical supply circuit to the electric 
hand is open, so that it is necessary to disengage the chitcdi l>efore a gear 
change can be made. This circuit breaker is operated tiirough linkage to 
the clutch pedal, wdiicli is adjustable to determine the exact amount of 
clutch disengagement before the circuit is closed and a change made, and 
also the amount of clutch engagement before the power is again cut off. 

The Selector Switch 

The selection of tlie gear desired in the gearbox is made by moving t lie 
lever of the selector switch to the corresponding position in the H -plate 
of the selector-switch housing. This .^elects the proper idnaiit t«> fontrul 
the shifting nieelianisin. 

The Interlock Switch 

This switch inteiruiits the circuit from the seleft(»r switch to the 
power unit to insure a change to neutral to p>ernnt a i‘n»ss -chancre, it this 
is necessary before the final nioveinent of the cliaiiLie is made. T\iv 
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switch is mechanically controlled by linkage from the 
mechaiiisin. This linkage is adjustable and iru‘orjK>rates a “* lost mot ion ‘ * 
sleeve to ensure the completion of the cross-change befoK' the circuit is 
changed to correspond to the one selected in the selector switch. Witiiout 
this switch, preselection from one gear to another which requires a cto?^s- 
change would he impossible, while any change would have to lye made 
slowly to ensure the mechanism following the control moveraent. 

Contact Plate 

A contact plate on the earlier models o][)ens the eireuit after the gear 
change has been completed. This switch is controlled by a rial <‘onneet€d 
to the bottom of the changing lever (A) (Rig. 6). 

Power Unit — Solenoids and Valves 

The selector switch, interlock switch, and contact plate control the 
electrical connections to three solenoids, each of wiiich operates a valve. 
These valves are connected in the vacuum line from the engine -intake 
manifold, and control the vacuum to the cross-change or diaphragm 
cylinder and power cylinder. The v^alv^es are of the |X)ppet type and are 
held up by small springs. When a solenoid is energised, the valve which 
it controls is pulled down. 

When the valves are in the upper position, the vacuum line is closed 
from the engine and the lines to the diaphragm cylinder and power 
cylinder are open to atmosphere. 

When the valves are in their lower position, the vacuum line from the 
engine is connected to the diaphragm cylinder or {K)w'er cylinder. 

One valve controls the cross-change, one the for^vard, and one the 
rearward movement of the gearbox change rails. 

Power Cylinder 

The powder cylinder has a vacuum -operated piston which {provides the 
powder for the for^vard and rearw’ard movement for changing the gears. 
When the valve (21) (Rig. 6) in the vacuum line to the rear of the fow'er 
cylinder is drawn dow'n by its solenoid, opening the vacuum line, the 
piston moves backward. When the valve (20) in the vacuum line to the 
front of the power cylinder is drawn down by its solenoid, the piston 
moves forward. The movement of the ])istan is transmitted to the 
changing lever (Ai) through the control cross-shaft (E) and inner and 
outer levers. 

Cross-change Cylinder 

The cross -change cylinder is of the diaphragm type. A spriiiii ( 1") 
(Rig, 6) ill the cylinder presses the diaphragm forward, whicli. thruiigli 
eonnecting linkage (F, G, F), holds the change lever (A) of the traii-.- 
inissioii engaged with the high- and second-speed cliange-rail fork { B) 
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(Fig. 6). When the valve (22) connected to the emss-tdiange eyliiKler is 
draavn down by its solenoid, the diaphragm moves backward, pulliiiir the 
liellcrank (F) which moves the control shaft ( E) to the rkht toernrase the 
lower end of the change lever {A) with the low and revert' ehaiiire*r 3 iil 
fork {€), This position is shown in Fig. 7. 

Operation (1935~“36 models) 

Fig. 6 shows the selector in neutral, with the lever held to the right by 
the spring (Z). The gears are also in neutral, and the lower end of the 
change lever (4) is held to the right by the spring (Y) in the diaphragm 
cylinder, so that it is engaged in the notch of the high and intermediate 
change fork {B), 

The valves (20), (21), and (22) are up against their seats, so that l>oth 
the front and rear of the power cylinder and the cross-change cylinder are 
open to the atmosphere through the air cleaner. 

If the clutch is depressed, closing the circuit breaker, the circuit will be 
closed to (10), through the contact sleeve to (9), to (3) and ( 1) on the inter- 
lock switch to (13) on the selector to (15) to plate (W) of the contact 
plate. Since the fingers (BL) and (MM) do not touch the plate (if), the 
circuit is open. 

If, however, the gearbox were in high gear, the contact -plate sliding 
block (0) would have moved forwurd to the jwsition of Insert A. The 
fingers (If if) v^ould be contacting plate ( W) and would close the circuit 
to plate (V) to solenoid Xo. 2. The valve (21) w'ould be pulled down, 
connecting the rear of the power cylinder to the vacuum, so that the 
piston would move backw^ard and, through the linkage {(?, FJ and .4), 
move the change rail (B) backw'ard. The rod (D) would also be moved 
backward, pulling the contact-plate sliding block until the fingers (JfJi) 
hreak contact with the har (IT). When circuit is broken, the valve (21) 
raises to its seat and the change is completed to neutral. 

If the gear had been moved to second, the contact plate would have 
been in the position show^n in Insert B, completing the circuit from ( ID, 
through fingers (LL) to plate ( T) to solenoid Xo. 1, o])ening the vacuum 
to the front of the power cylinder so that the {ustoii would l>e moved 
forward, bringing the gearbox into neutral, where the fingers {LL) 
would break contact with bar (IT) and the change would be <‘oRipleted to 
neutral. 

Fig. 7 shows the same condition as in Fig. 6, except tlie >elet‘tor lever 
has been pushed to the left but is still in the neutral position. It will 1 h:‘ 
noted that the circuit from (10) in the selector swit<*h is n<n\' vunpileted 
through the contact sleeve to both (11) and (12). 

The circuit from (1 1) is direct to solenoid Xo. 3, so that valve Xo. 22 is 
<lra wn down, connecting the cross -change cylinder to the vaiiiuiii. Tlie 
diaphragm has moved backward, rotating Wllcrank ( F) which pulls lever 
(fr’), shaft (E), and the lever (.4) to the right so that (.4) is eniiagcti in t lie 
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notch of the shifting fork of rail {€), which controls the change into low 
and reverse gears. 

The circuit from (12) is to (2) and (1) on the interlock switch, to (13) 
to (15) on the selector switch to bar (If) on the contact plate. Now 
following the same procedure as under Fig. 6 it will be seen that, if the 
gearbox were in low gear, the contact plate would be in the position of 
Insert A (same as for high gear), energising solenoid (2) and the change 
would be to neutral. If the gear w^ere in reverse, the contact plate would 
be in the position of Insert B (same as for second gear), energising sole- 
noid (1) and the shift wmuld be to neutral. 

Referring again to Fig. 6, it will be seen that if the selector lever is 
moved to the high-gear position (transmission in neutral), the circuit will 
be completed as before to (13) on the selecton switch, then to (16) to (P) 
on the contact plate through the fingers (LI) to (T) to solenoid 1, and 
the change rail ( JS) will he moved forward until the contact plate reaches 
the position of Insert A when the fingers (LL) will move off bar (P), 
opening the circuit. 

If the selector lever is no^w moved to the second-gear position (trans- 
mission in high or neutral), the circuit from (13) is to (14) on the selector 
switch to har (Q) through the fingers (MM) to bar (U), to solenoid 2, 
and the movement of the rail (B) will he backward until the fingers 
(MM) move off bar (Q), opening the circuit as in Insert B. 

Referring to Fig. 7, the action will be the same for low and reverse as 
just explained for high and second as the lever (A) is held in engagement 
with the change rail (C) and all other circuits are identical. 

In order to shift from low to high, the power-cylinder piston must first 
move back\Yard and bring the transmission to neutral. The circuit for 
this is through the lines from (10) to (9) and (3) to (4) on the interlock to 
bar (If) on the contact plate. The circuit is closed from (If) through the 
fingers {MM) to bar ( U) to solenoid 2, so that the movement will be back- 
ward until the fingers (i/Af) break contact with the bar (If) which occurs 
when the gear is in neutral. 

When the change rail (C) reaches the neutral position, the force of the 
spring (F) in the diaphragm cylinder will pull the change lever (A) to 
the left into engagement with, the notch of the high and second change 
fork (B). As the cross-change is completed the interlock switch will be 
moved. 

Now the circuit from (3) in the interlock switch is to (1) to ( 13) to (16) 
to bar (P) in the contact plate. The contact plate having moved back 
in coming to neutral the contact is now completed from (P) through 
fingers (LL) to ( T) to solenoid 1 and the piston is moved forward, moving 
rail (P) forward to the high-gear position where the fingers (LL) open 
the contact with bar (P) as at the beginning of the change from low gear. 

Had the selector lever been set in the second-gear position the move- 
ment to neutral would have been the same as for high gear. From 
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neutral the movement would have l)eeii baekwanl to ( iii.stead of 

forward to high), as the circuit would have been completed fnim (13) to 
(14) (instead of to (16)) to bar (Q) through (JiJf ) to (U) to solenoid 

Also, had the gear been in reverse instead of low, the contact plate 
would have been to the rear, and the circuit from bar (If) would have 
been through fingers (LL) to bar (T) to solenoid I, and the Enovement 
w'ould have been forward to neutral. 

If the transmission is in high-gear and the selector in low’-gear imition , 
the circuit is through the interlock switch to bar ( If ) to bring t he gear to 
neutral. When the lever (A) reaches the neutral position it will be dravnn 
to the right to engage with the fork on change rail (U), since the circuit is 
complete from (11) to solenoid 3 and the interlock switch will be rotated to 
the proper position. 

The circuit from (2) on the interlock switch is now to (1) and folio 
the path indicated by the lines to plate (P) on the contact plate. Sinw 
the contact plate has been moved to the neutral position, the circuit 
is now completed from (P) through (LL) to (P) to solenoid I, so that 
the change rail (C) is moved forward to the low-gear position. 

Had the selector switch been set in reverse, connecting (13) and (14), 
the circuit would have been completed to (Q) through (MM) to (U) to 
solenoid No. 2, causing a normal neutral -to-reverse change. 

Mechanical Adjustment 

The entire mechanical adjustment is so important to proper function- 
ing that it should be made carefully with every servicing of the electric 
hand. The recommended procedure is as follows : 

The Clutch Circuit Breaker (1935) 

With clutch fully engaged, the pointer on the lever should be in line 
with the arrow on top of the circuit-breaker housing. 

To adjust : (1 ) When equipped with automatic clutch control — loosen 
clamp-holt nut on bracket mounted on vacuum-clutch rod and slide clip 
until pointer is in line with arrow. Tighten locknut. 

(2) When not equipped with automatic clutch control — remove cotter 
key from circuit -breaker lever pin. Loosen locknut on operating rod and 
remove rod end from lever pin. Turn rod end until it will slip on pin 
with pointer in line with arrow’’ on houshig. Insert cotter pin and tighten 
locknut. 

The position of the circuit -breaker lever is important. If t he contact 
is made with too little clutch-pedal movement, the clutch will still W 
engaged when the shift is made, and if a gear has been pre-seleeted the 
shift will be made while the engine is driving the car. If the contact 
requires too much pedal movement, the shift will not be completed 
should the gears butt teeth. It is necessary to have a slight ciutch drag 
before the circuit is broken to turn the gears and ensure engagement. It 
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I'uf. 8. — AdJX’STMKNT OE CLrTCH CmCL'lT Fiff. S. AdJUSTMEIST of d-UTCH CTRCLIT 

BREA.KER — CIRCUIT CLOSED POSiriOR BREAJlER — CIRCITT OPEN POSITION 


may be necessary, tlierefoie, to set circuit breaker slightly ahead of 
iadicating arrow* 


The Clutch Circuit Breaker (1936-7) 

This clutch circuit breaker has lost motion built into the switch, so 
that the clutch pedal must be depressed far enough to disengage the clutch 
before the electric-hand circuit is closed, but the circuit will nob be opened 
until the chitch is almost fully engaged. If the clutch is not disengaged 
before the change is made, it will cause the gears to clash. Opening of the 
electric-hand circuit before the clutch has started to engage wall result in 
failure of the gears to mesh, if the car is not in motion and the gear teeth 
strike end to end. 

The locknut (B) should be loosened and yoke ( A), Fig. 8, on the rod, 
which operates the clutch circuit breaker, should be adjusted so that the 
clutch pedal must be depressed halfway to the toe -board before the 
circuit is closed. The upper insert in Fig. 8 show^s the position of the 
parts inside the circuit breaker at the point w’-here the circuit is closed. 
(D) is the stationary contact and [E) the sliding contact. 

At the time the circuit is closed the gear change rail locks must be 
released so that tlie shift can he made. The loAver insert in Fig. 8 shows 
the proper ])Osition of the lockbar link {O) and plunger {F), 

After adjusting the circuit breaker for point of closing, check to be 
sure that the clutch has begun to take hold before the circuit is opened. 

This check is most readily made by running the engine and putting 
the gears in low or reverse gear. Allow the clutch pedal to come up 
slowly. 


ivt»L- iv.j ml 


TE R R APLANE E L E(T R IP A L 

The oar should s^tart to iiKH’e Ik‘- 
fore tlie “ eiiek ” of the (‘ross-diait 
linkage is liear<l, indicating that the 
electric -ban d circuit has been opened . 

Tlie insert of tlie circuit breaker 
in Fig. 9 sho^vs the position of tlie 
parts at the point wliere the (drcuit is 
opened , while the eliangerail look bars 
must be down, as shown in the lower 
insert, to ensure the gearbox lieing 
locked in gear before the elect ri e-kand 
power is cut off. This is ini]>ortant . 
to preF’ent the jumping out of gear. 

Power-unit Mounting 

The xK^w’er-eylincler piston r-od (B). Fig. 10, should enter t he fork (^4) 
in the change lever easily, wdieu the transmission is in either its forward 
(high) or rearward (second) position. The |K:j\ver unit should also have 
sufficient clearance to prevent striking the frame eross-member. Maxi- 
mum clearance is obtained by pushing upwards on the unit while tighten- 
ing the nuts on the studs which hold the mounting bracket to the gearbox. 
The nut on the power- cylinder mounting stud should be drawn up just 
enough to permit tbe insertion of the cotter key. This provides maximum 
flexing of the rubber blocks for alignment. 

Powet-cylinder Piston-rod Alignment (193S-6) 

Remove the clevis pin from the rod eye. With the transmission in 
higli gear and the shifting lever held forward to take up lash, it should be 
possible to pull the piston rod {J5) through the fork levc^r { A) | in. farther 
than the piston, where the clevis pin eau be inserted. The length of the 
rod can be adjusted by loosening the locknut and turning the eye. 



I'tg. 10. --Povvi:a.i-\-rT MorMisti. awl~st- 
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The piston rod should then be pushed back and the gear shifted into 
second. While pushing backward on the shift lever to take up lash in the 
linkage, the piston rod should be l~ in. farther back than the position where 
the clevis pin can be inserted. These checks are important, to ensure 
sutficient travel of the piston in both directions to complete the shifts. 

Cross-change Control Mechanism 

The gearbox should be changed to all positions and the contact 
hetween the cross-shift bellcrank and the lobe on the power- cylinder 
change lever checked to see that there is no binding due to contact at 
points other than the ends of the bellcrank fork ( J?), Fig. 11. 

The movement of the lower change lever should also be checked, to 
see that the fulcrum dowel screw does not bind in the groove in the lever 
ball. Early 1936 production used a dowel screws which was in. long 
under the head with a plain w^asher in addition to the lock, later 
production uses a screw in. long and the plain washer is omitted. 

Cross-change Mechanism Adjustment 

With the gear in high or second, remove the clevis pin from the 
diaphragm cylinder-rod yoke (A), Fig. 11. The spring in the cylinder 
should hold the yoke | in. farther forward than the position in which the 
clevis pin can be inserted. When loosening or tightening the nut (C) on 
the diaphragm cylinder rod, be sure the yoke is in place on the bellcrank, 
so that the diaphragm is not twisted and distorted. 

Interlock Switch 

After the gear is moved from low to high or second gear, the pointer 
( A ), Fig. 12, on the interlock-switch lever should come to rest in line with 
the mark between the letters S and H on the switch cover. To adjust, 
loosen the nut (D) on the front end of the interlock-switch rod and turn 
the adjusting sleeve (J5), then retighten the nut. 

When the length is correct, the ckcuit will change in the interlock 
switch at the same distance from the end of cross-shift travel in both 
directions. 

Transmission Shifting Rail Lack 

The locks on both change rails will definitely prevent the gears from 
jiun]>ing out if they are in the locked position when the change is com- 
pleted and the clutch is engaged. If the locks are improperly adjusted or 
the change is not complete, the locks cannot perform their normal func- 
tion, and damage to the gear teeth will result. As a final check move 
into gear and engage the clutch and see that the lockbars are both down 
in the locked position. If the locks are not down, first check the lock 
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adjustment, then power-cylinder piston-rod lengtly then, the point of 
breaking contact in the clutch cirenit breaker. 

If these adjustments are correct and the lockbars do not fall into place 
when the clutch is released, it is probably due to the power being cut off 
in the contact plate before the change is completed. 

Preliminary Service Check 

The following are to be checked before attempting to make any 
repairs to the gear shift-control mechanism, regardless of the nature of the 
failure : 

(1) Be sure cut-out switch on selector housing is ‘‘ on.’' 

(2) Be sure that the gears are free and can be moved into all positions 
manually with clutch pedal depressed just enough to close circuit through 
clutch circuit breaker. (Check by pressing starter button.) Adjust 
interlock bars on gearbox if necessarj". 

(3) If temperatures are encountered low enough to cause the recom- 
mended gearbox lubricant to excessively retard gear changing, replace 
3 oz. of the lubricant with paraffin. 

(4) Inspect vacuum line and fittings for leaks. 

(5) Check wire connections on interlock switch. 

(0) Make certain that all clevis pins and cotter pins are in place. 

(7) Inspect junction block on power unit to see that all wires are in 
place. 

(8) Make certain that all soldered connections are intact in both 
portions of steering-column jack. (To remove covers, pull back and twist 
with jack assembled.) 

(9) Check wiring harness for breaks or damaged insulation. 

Quick Test for Short-circuit 

With instrument -panel lamp lighted, change into all positions with 
electric hand. Any appreciable dimming of instrument lamp indicates 
short-circuit in that position. 

Electric Hand on 1936-7 Models 

The changes in the electric hand which became effective in 193(> are 
confined to the power unit, lower harness, and gearbox control cover. A 
nexitral switch and the necessary driving meehanisni has been incorporated 
in the power- cylinder head. This neutral switch eliminates the need for 
the contact plate. The contact plate has been removed from the trans- 
mission control cover, sim])]ifying the linkage in this unit and eliminating 
the wiring in the lower harness wliieli was required for the contact plate. 

Operation (1936-7) 

Fig. 13 shows the inechaiiism and wiring of the complete electric- 
hand installation. With the selector and gear in neutral as shown, the 
circuit is complete to the centre terminal of the neutral switch. Since 
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neithor jjoiiit (P) nor ((^) contacts tlie centre terminal ( IE), the circuit is 
broken at this j)oint and the gears av ill remain in neiitra}. 

If the gear is sliifted manually towards iiigh gear, tlie piwer-cyliiKier 
piston will move forward, moving the rod (/> ), wbieh will mov'^e ]Mdiit |/^| 
farther away licnn tlie central contact (If), and allowing {xdnt |(^) toeome 
into contact with the central contact. This will close tlie circuit to 
solenoid 2. wliieli will pull the calve down, adniittiiiir vacuum tu the rear 
of the ]»ower cylinder. The jnstoii will move backward until c^oitaet |(^5 is 
moved away from the central contact ( Ik), which is the neutral poiticn. 

It will be seen that had the gear been moved toward stTOiid. centatt 
{P) would liave closed tlie circuit, with the central contact ( If i eiicnrisiin: 
solenoid Xo. 1 and moving the piston forward to the neutral |H»sitinii. 
vvheu'e the circuit would he broken by contact ( P) moving away from thi“ 
central contact. 
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If high or low gear is selected with the gear in neutral, the circuit is 
direct from the selector contact (16) to solenoid Yo. 1. If second or 
reverse gear is selected with the gears in neutral, the circuit is direct from 
the selector contact (14) to solenoid No. 2. 

If the gears are in high and low is selected, the circuit is direct 
from (11) on the selector to solenoid No. 3 to obtain the cross shift when 
neutral is reached. 

The circuit from (12) on the selected switch will be to (2) and (4) on the 
interlock switch and then to the. central contact ( IF) of the neutral switch. 
Since the gear is in high (piston forward) contact (Q) will close the circuit 
from the central contact to solenoid No. 2, and the gear will move to 
neutral, wiiere the contact with the central contact ( IF) will be broken, 
the cross change will take place, turning the interlock switch so that the 
circuit is from (2) to (1) to the selector switch (13) and (16) to solenoid 
No. 1 , and the change will be completed to low gear. 

Had the gear been in second w’hen low w'as selected, the contact (P) 
would have been closed with the central contact (IF), so that solenoid 
No. 1 would have been energised bringing the transmission to neutral 
when the contact would have opened and the change made to low as 
before. 

Electric Hand (1938 Models) 

The changes in the electric hand for 1938 models embody tw^o changes 
in switch operation and location, w'hich eliminate their adjustment, and 
the addition of a gear-abutment indicator mechanism w^hich gives the 
operator a reaction of actually feeling the gear engagement taking place 
in the gearbox w’^hen moving into lo^v or reverse gear. 

Fig. 14 show^s the wiring diagram and components. Because of the 
extra electrical circuit for the control of the abutment indicator, a new 
upper and low^er weiring harness and a new 10-prong connector jack are 
necessary. 



DELCO-REMY COIL IGNITION 


IGNITION COILS 

T he purj>ose of the ignition coil k to transform energy from the luw- 
voltage source (dynamo or battery) into energy at sniiicieiitly high 
voltage to jump the gap at the sparking ping. 

There are two electrical eircnits within the coil namely, the primary’ 
and the secondary (see Fig. 1 ). The primary is wound with o>niparativel j 
few turns of heavy wire, usually on the outside of the secondary. Each 
end of the primary winding is connected to a low-tension terminal. 
Tlie secondary is wound with many layers of fine wire around the iron 
core. Each layer is insulated from the adjacent layer. Most eoils have 
one end of the secondary winding connected to the primary and the 
other end connected to the high-tension terminal. 

When the contact jmiiits in the distributor close, current fn)m the 
dynamo or battery flow^s through the primary circuit, creating a magnetic 
field about the windings and core. The current does not instantly reach 
its highest value, due to the inductive effect of the magnetic field. A 
definite time is, therefore, required for the field to “ build-up.' " As the 
magnetic field is greatest w’hen the current reaches its highest value, it is 
necessary that the coil and distributor be designed to allow’ sufficient 
“ Iniildiiig-np ” time to obtain adequate spark at t he highest engine 
speed. 

Wlien the distributor contact ]K)ints 0 [kuk the current in the primary 
does not stop flowing instantly, but flows into the coiidense'r. which is 
connected in parallel w'ith the contacts. This action prev’ents arcing and 
assures a quick collapse 
of the magnetic field 
without the loss of 
energy through an arc 
at the contacts. The 
quick collapse of the 
magnetic tield induces a 
voltage in the primary 
as well as the secondary 
windings. This voltage 
increases until it is 
sufiicientiv high in the 
secondary to |)roduce 

a spark at the sparking i. I’lumT:- \\ h-hin i*;srr!r»s « .*11. 
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plug. Since there 
are sixty to one 
liundred times as 
many tarns iu the 
secondary as there 
are in the primary, 
the induced voltage 
in the secondary 
will be sixty to one 
hundred times that 
of the primary. A 
secondary voltage is 
required to produce 
the spark at the 
plug. Yariations in 
the amount of 
secondary voltage 
required are due to 
such factors as 
engine compression, engine speed, sparking-plug temperature, condition 
of the sparking-plug electrodes, and widths^of the spark gap. 

Types of Coil 

The Delco-Remy ignition coils may be classified, according to the 
type of construction, as straight-ignition coils, lock coils, and switch- 
extension type coils. (See Tigs. 1, 2, and 3.) 

Standard ignition coils deliver adequate secondary energy to fire the 
engine under all 
conditions that are 
likely to be en- 
countered. The 
standard universal 
service coils will 
replace most of the 
original equipment 
coils w h e n t li e 
specified mounting 
brackets or adaptors 
are used. 

Special service 
coils are available 
'which give niaxi- 
niuni performance 
from low to the 
highest speeds. One 
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type is spoeially des 
for ro[>lacin^ either plain or 
swit ell -exteiiHio u fi-voit 
foils. A resist aiiee unit 
in series with the priniary 
winding allows an increased 
current flow at high sjieeds 
for a given maxinviini at 
low speed. The resistance 
unit also permits the safe 
ina :xi mum eiirren t va lue 
(break amjxrres) to l>e used 
at low speed without 
excessive distributor-point 
oxidationwhen cold-weather 
or overcharged-battery con- 
ditions are encountered. The heavy-duty coils are^ more nigged in 
construction and are specially designed for ccintinuoiis CMnnmereial v’eliiele 
and bus service. 



Fig, 4 .- ■ Sf’‘F.ci..w. wkrvick i'oil 
Note tht' rosier* anee unit in seri4‘!>fe with tht' 

vri titling. 


Service lastructions 


Ignition coils do not require sjieeial service other than to keep all 
terminals and connections clean and tight. Coils having a resistanw 
unit will not operate if the resistance unit is open-circuit ed. In ease of 
failure in the windings, it is necessary to replaw the complete coil. 

The switch -extension type coils are designed to |>erinit t he removal of 
the coil without disturbing the ignition switcher switch extension. Thes^ 
coils are locked to the switch -extension asseriihly by means of the kn^k in 



the coil end cover 
which engages in 
the lock recess on 
tlie roi! (container. 
{Stf. Pig. A) Til 

remove the coil 
fnnii the 

it is uec-esscirv 
renuive tlic cuil 
from its riuaiiitini!. 
as jsliHW II in Filc 

Ignition -coil Testing 

If tlif" dm-s 
lint tire the ciiuiiH' 
sat !>tii rtnii 1\". tile 
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Fig. 6. — Coil under test with KoiiiSTER tester 


unit sliould 1)6 
lemo’redfroiii the 
car and checked. 
A lamp and test 
points may be 
used to detect 
open and earthed 
circuits. To test 
for an open 
primary circuit, 
hold a test point 
on each of the 
low-tension 
terminals of the 


coil. If the lamp fails to light, the primary circuit is open. To check the 
secondary circuit, hold one test point at the high-tension terminal and the 
other at one of the low-tension terminals. The lamp will not light, hut 
tiny sparks will he noted at the point of contact if the winding is not 
open. If open, no sparks will occur. 

Most coils used with single-wire systems can be tested for earthed 
w'indings by holding one test point on the metal container and touching 
the other point to the high- and low-tension terminals. If the lamp 
lights, or tiny sparks appear at the point of contact, the windings are 
earthed. This test does not apply to coils used with tw’o-wire systems, 
as these coils have one end of the secondary winding fastened to the metal 


container. 


Test Sets 

There are various types of test stands used for testing ignition coils. 
Some test stands are equipped with a variable -speed motor together with 
a breaker mechanism and spark gap, so that the coil performance may be 
noted at different speeds. Other tests use a spark gap to compare the 
spark of the questionable coil with the spark delivered by a known good 
coil. In this case, both coils must be subjected to the same temperature 
conditions for comparison, and identical test leads must be used. 

An approved coil tester, known as the Koilster, accurately distin- 
guishes between a good and a bad coil. The coils are checked on the 
Koilster without making connection at the secondary terminal (see 
Fig. 6). This removes the variations, due to altitude, atmospheric or 
spark -jiug-electrode conditions, usually found in the spark-gap type of 
test. This instrument indicates if the coil conforms with the manufac- 
turer's specifications. Continuity tests for the primary and secondary 
can also be made. 

The Koilster tests the coil both cold and hot. A heating circuit with 
an automatic time switch is provided to heat the coil to operating tern- 
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peratums. Readings an the tiieter must fall within the aM and hat 
limits specified for the jairtieular ceil. 

Coil Defects as Indicated on the Koilster 

The most eoniniou ignitkimo iil defects are indicated on t he KoilsttT m 
ful low's : 

(1) Opetacircuit “-'K<dlster sho\vs iio meter reading on ctdl 

test or primary continuity. 

(2) Open-circuit JSmmda rtf. — Koilster shows no continuity on secon- 
dary. 

(3) Shorted Turns in either Primary err Stco/nivtrp. Koilster indicates 
low reading outside of speeificat ion limits. 

(4) High-voltage BreaMoim in Secondary.-- Vs.iAhXe^x meter reading 
erratic. Pointer l>ol)s in and out of limits. 

(5) High Eesistayice in Primary Connections.— Koihxer reading low. 

CONDITIONS AFFECTING IGNITION PERFORMANCE 

If the ignition performance is unsatisfactory after the coil has lieen 
tested and found to be good, it is necessary to look for trouble ekew'here 
in the ignition circuit. 

(1) Resistance in Ignition Circuit 

Energy is lost whenever resistance is present in a circuit. Oxidise<l» 
burned, or pitted distributor contacts offer resistance to the flow’ of 
primary current. A loose connection or j)oor earth at the condenser will 
cause faulty ignition. Connections at the battery, ammeter, (*011, and 
ignition switch should be clean and tight. 

(2) Poor Insulation in Ignition Circuit 

Insulation in the ignition circuit is very im{K>rtant. The high- 
tension cables should not be oil-soaked, cracked, or punctured, as this will 
result in a loss of electrical energy. Examine the distributor cap for 
burned paths. If any of these conditions are present, the cables or 
distributor cap should be replaced. 

(3) Defective Condenser 

A condenser failure will cause complete failure of the ignition system. 
Condenser fail\ires are due to ])uiietured insulation. o|>en circuits, \ 1 h 2 h- 
resistanee connect ions, and low-insulation resistance. The cuiideiiscr 
should be eliecked on a precision instrument. 

(4) Incorrect Sparking-plug Gap Setting 

Sparking plugs should be cleaned when dirt, oil. and iarhon are 
present. Replace the plugs if the points are badly burneil or the iKtrcclaiu 
cracked. The size of the gap largely determines the voltage reipiircd to 
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(6) Arcing across Coil Terminals 

When excessive 
moisture collects on 
tlie coil top, the high- 
tension sj^ark will some- 
times arc across to the 
low-tension terminals, 
causing the engine to 
miss . Continxied arcing 
will eventually Inrn a 
path across the bakelite 
coil top. (Heavy-duty 
coils have an arc -resist- 
ing cap of special bake- 
lite material that will 
not burn when the vJE\4kHT 
spark jnnips across its 
surface.) In cases where 
arcing occurs, it is 
recomineiided that a vin 








414 [VOL. IV.] ELECTRICAL AJJD ACCESSORY EQUIPMENT 

vanee far the speed at wliich the engine is 
running- The correct spark advance for 
an engine is determined by varying the 
advance with wide-open throttle, to find 
the point where maximum power de- 
velops. Weights, earn contour, and spring 
calibration to give this advance are then 
selected. 

A combination of centrifugal and 
vacuum advance is used on many 
applications. 

Vacuum Control 

An engine operating under part 
throttle can have a spark advance 
in addition to the centrifugal advance without ohjectionable ping. The 
engine will perform satisfactorily with only a centrifugal advance, but 
with an additional advance obtained by a vacuum advance control, the 
engine will show greater petrol economy. The vacuum control consists 
essentially of a diaphragm and link acting against a spring. The 
vacuum control may be mounted on the engine, with the diaphragm 
linked to the distributor housing, so that advance and retard are 
secured by rotating the distributor in its mounting (Pig. 9). Another 
design incorporates a movable breaker plate, supported on halls so 
that it may rotate independently of the remainder of the dis- 
tributor assembly (Fig. 10). A variation of this design uses a 
double -race ball bearing to support the breaker plate on the cam- 
shaft. The diaphragm of this type unit is hnked to the breaker 
plate, and the plate rotated to secure the vacuum control of the spark 
advance. 

Fig. 11 illustrates the advance curve secured when the vacuum is 
taken on the carburettor side of the throttle valve. This is the most 
commonly used application. The solid line is the centrifugal and full- 
load engine curve resulting from the centrifugal action. When the 
throttle is closed, there is no vacuum in the carburettor and no vacuxim 
spark advance. The vacuum tube from the vacuum control enters the 
carburettor throat just back of the throttle butterfly. As soon as the 
throttle is opened, the manifold vacuum is admitted to the carburettor 
and the vacuum control, producing an advance, shown dotted, which is 
ill addition to and independent of the centrifugal advance. At higher 
speeds and with open throttle, the vacuum diniinislies and the vacuum 
spark advance drops off. With wide-open throttle at any speed there is 
no vacuum advance, all advance under that condition being based on the 
centrifugal action. 
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DISTRIBUTOR MAIN- 
TENANCE 
Lubiicatiou 

^All bearings with hinge- 
eap oilers sliaiild have eight 
to ten drops of light engine 
oil every 1,000 niifes. Dis- 
tributors with bronze or 
grey-iron bearings and grease-eu{>s should have the grease'enfte^ kept tilled 
with medium cup grease and turned down one turn every miles. With 
ball bearings, keep the grease-cup tilled with bal!-l)earing gn^ase. mui turn 
down one turn every 1,000 miles. Distribut€:>rs with high-pressiim 
lubricating connections should be lubricated every miles. Apply a 

small amount of vaseline to the breaker cam when lubricating the dis- 
tributor. On the vacuum -tyiye distributor with the breaker plate supported 
by three balls, the balls and race should l>e lubricated with light engine 
oil every SjOQO miles. Avoid excessive lubrication. 

Inspection 

The cap should be removed at regular intervals and the wntact points, 
rotor, and cap examined. Cheek the high-tension wiring for graced or 
damaged insulation and poor connections at the cap or plugs. Replace 
if necessary. Replace the cap or rotor if they are cracked or show 
carbonised paths, indicating the secondary current is leaking to earth over 
the surface of the bakelite. 
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Contact Points 

Contact points that are burned or pitted should l>e replaced ordresseil 
with a clean, fine -cut contact file. The file should not l>e uml on other 
metals, and should not be allowed to l>ec*ome greasy or dirty. Xever use 
emery doth to clean contact jx>ints. Contact surfaces, after considerable 
use. may not ap{.)ear bright and smooth, hut this is not neeessiirily an 
indication that they are not functioning satisfactorily. 






Oxidised Contact 
Points 

These may 
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voltages. Clieci for 
these conditions where 
burned contacts are 
experienced. 


The Contact-point Open- 
ing 

This must be set 
to the proper limits. 
Points set too closely 
may tend to burn and 
pitra-pjdly. Points with 
excessive separation 
tend to cause a weak 
spark at high, speed. 
The point opening of 
new points may he 
checked with a feeler 
gauge. A feeler gauge is not so accurate on used points, owing to the 
roughness of used points. A dial indicator or a contact angle-meter 
for checking the point opening of used points is more accurate. 

The cam or contact angle is the angle in degrees of cam rotation 
through which the points remain closed. This angle increases with 
decreased point opening. As the rubbing hlock of a new" breaker arm 
■wears in, rounding the corners of the rubbing surface, the contact angle 
increases. Therefore, with a new arm, set the contact angle about T 
less than with an arm worn hy several thousand miles of operation. The 
angle given in the test specifications is subject to a variation of 2° plus or 
minus, depending on these conditions. 

Contact-point Pressure 

This should be measured as shown in Pig. 12, and must fall within the 
limits given. Weak tension will cause point chatter and ignition miss at 
high speed, while excessive tension will cause undue -wear of the contact 
l^oints, cam, and rubbing block. 

Timing and Synchronisation. 

Most cars have flywheel markings to facilitate timing the distributor to 
the engine. Due to individual differences in engines, the timing instruc- 
tions supplied by the engine manufacturers should be fallowed. All 
ignition distributors with niaiiually controlled spark should be timed in 
the full manual advanced position to eliminate variations in the manual- 
control linkage. Some distributors having vacuum- controlled spark have 
a ^-in. hole in the advance arm and clamp arm. On these cars it is 
necessary to align the holes with a J-in. pin before timing. 



Fig. 14. — A TYPICAIi ignttioi? ciscuit astd the various 

CHANGES WHICH CAN BE MADE TO COBRECT POENT- 
PITTING TROVB3LE 


Por an explanation, see text. 
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Fig, 17. — Brutish- 
MADE Dei^co- 
Remy x>ist?bi. 
BUTORS HAVING 
SINGXE RREAKER 
ARM 

The only adjust, 
raent required in 
service is to ensure 
that the contact gap 
opening is correct, 
namely, -018 in. to 
• 024 in. , as desenbod 
in the text. 


On some engines it is not possible to synchronise double breaker lever 
distributors on the engine ‘witbout special synclironising tools. This is 
particularly true on twelve- and sixteen-cylmder engines. Methods of 
synchronising are dealt with later for British-made distributors. 

Use of Synchroscope 

The synchroscope accurately checks cam angle, spark advance, and 
synchronisation on distributors removed from the car. It will also show 
excessive distrihutor-shaft eccentricity as indicated by variation in syn- 
chronisation. 

After a distributor has been repaired, the calibration of the centri- 
fugal automatic mechanism should be checked. Proper engine perform- 
ance cannot be obtained unless the centrifugal curve is within the limits 
specified for the particular engine. 

The Vacuum Unit 

An instrument capable of measuring the vacuum in indies of mercury 
is required to check the vacuum unit. The amount of vacuum necessary 
to start the plunger and the amount of vacuum necessary to get complete 
plunger travel should be checked. If it is found that the unit is not 
performing according to si3ecifications but that the variation is not great, 
the spring in the unit may be recalibrated by stretching. If this does not 
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Fig. IK. — EiCIHT-OYUNIOER DISTOIBIH^K SYNCirROS'ISATIC>>« 


correct the fault tlie spring should be replaced. If the Yacuum leaking 
it will be necessary to replace the unit. 

The Condenser 

Four factoid affect condenser performance, and each factor must be 
considered in making any condenser tests. 

BreaMoun is a failure of the insulating material, a direct short 
between the metalhc elements of the condenser. This prevents any 
condenser action, 

L(m4%mlatiort ReMstance or leakage prevents the condeiwr from 
holding a charge. A condenser with low insulation resistance is said to 
he “ weak.” All condensers are subject to leakage, which up to a certain 
limit is not objectionable. When it is considered that the ignition 
condenser performs its function in approximately 1 /1 2, (KM) of a sewnd, it 
can he seen that leakage can he large without detrimental effec‘ts. It 
must be considered, however, in any condenser test. 

Eigh-series Resistance is excessive resistance in the condenser circuit 
due to broken strands in the condenser lead or to defective connections. 
This will cause burned contact points and ignition failure upon initial 
start and at high speeds. 

Cajmeity is built into the condenser and is determined by the area of 
the metallic elements and the insulating and impregnating materials. A 
low-capacity condenser is stiitable for an operation where liigh s|x^eds 
predominate, while a liigher capacity condenser is desirable for lov'-s|>e€^d 
operation. Incorrect capacity for the ty|>e of operation will result in 
point pitting (Fig. 13). The direction of the pit ami the binld-np ran !h^ 
used as a basis for analysis and correction of the (‘ondition. If the build- 
up is on the positive side, the condenser may l:>e under capacity. If tlie 
huild-up is on the negative side, the condenser may l>e over eapa(dty. 

Another factor which may affect igamt pitting is the uf tlie 

priniary and secondary leads Avith respect to each other and t«t loviuiid. 
Incorrect location may result in fioint pitting. 
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Fig. 19. — Six-cylinder distributor syncberonisation 

Fig. 14 illustrates a typical ignition circuit, and the various changes 
v^hicli can be made to correct point-pitting trouble. 

With the build-np of material on the positive point (pitting of the 
negative), the following changes tend to be corrective : 

(1) Increasing condenser capacity. 

(2) Shortening condenser lead. 

(3) Separating the low- and high-tension coil distributor leads. Mov- 
ing leads closer to earth (engine block, frame, panels, etc.). 

(4) Mounting coil directly to earth if it is not so mounted. 

With the build-up of materials on the negative point (pitting of the 
positive) the reverse of the above changes tend to he corrective. 

British-made Delco-Remy Distributors 

Figs. 15 and 16 show the details of construction of typical British- 
made Delco-Hemy distributors. When vacuum control is incorporated, 
the arrangements are similar to 
those shown in Figs. 9 and ID. 

Information as to adjustment 
of British-made Delco-Remy 
distributors is given below. 

Adjustment of British-made Dis- 
tributors having Single Contact 
Breaker 

These are the most simple 
types of distributors having a 
single breaker arm [see Fig. 17). 

A four -lobe cam is fitted to the 
four-cylinder type and a six-lobe 
cam to the six-cylinder type. 



Fig. 20. — When fitting new contact arm 

Tak© care, when tightening tht^ point 
spring, that there is no binding. Binding of 
the spring can be relieved by tightening, as 
shown above. 
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The only adju^stnient required in se'rviee is to ens^iire that the eoiita.i * 
gap opening is eorreet, namely -018 in. to in. To adjust the immU, 
turn the shaft till the rubbing bloek of the breaker arm .4 (Fig, I T| is; on a 
lobe of the earn. Loosen screw" B and turn screw ( ’ until the gap 
the two jx)ints is eorreet. Do not omit to tiglitcn screw B after this 
oi>eration. 

Synchronising Six-cylinder Three-lobe and Eight-cylinder Four -lobe Cam 
Distributors having Double Breaker 

On this type of ignition, distributor, the two contact arms form |miml!el 
circuits for the ignition current, and the circuit through the coil is not 
broken till both sets of contact points are open. 

One-half of the cylinders are tired bj each of {K>ints. On the eight - 
cylinder distributor with four-lolx? cam, the |X)ints must open 4S cam 
degrees apart, and on the six-cylinder type wdth the three-lobe cam, 
cam degrees apart. If the points do not open at this interval, one half 
of the cylinders will have a different ignition timing from the other half. 
To get this very important adjustment, the instructions given l)elo\¥ 
must be carried out carefully, and a tool is required as illustrate in 
Fig. 18, which can be obtained at an authorised Delco-Remy service 
station. 

To Synchronise Circuit-breaker Opening on Delco-Remy 
Distributors with Four-lobe Cam 

One set of contact points is stationary and the other set is movable. 
The stationary set is adjusted first and the synchronising is completed by 
adjustments to the movable set of 4 K)iiits. 

To set contact opening of arm A {see Fig. 18), turn distributor shaft in 
its direction of rotation until rubbing block of breaker arm *4 is on loin? of 
cam. Loosen screw^ B and turn screw’ C to get contact o|>ening, which is 
•018 in. to *024 in., preferably *022 in. Tighten screw’ B. 

i^gain turn the shaft till rubbing bloek of breaker arm jD is on the loW 
of cam. Loosen screw’ E, turn screw J till j)oiiits o]Km betwetni -OIS in. 
and -024 in., preferably *022 in. Tighten screw’ £. 

Put synchronising tool over cam, locking it with slide pushed througli. 
until it shows the arrow’ that points in the direction the shaft rotates, as 
view’cd from the top. If rotation is clockwise view’ed from the top, turn 
shaft in this direction till breaker arm *4 breaks contact. Mute marking 
on 3/ side of synclironisiiig tool that is in line with point X . w liicli is the 
edge of the slot in the distributor-base rim. Continue to turn shait till 
the same marking on X side of tool is in line with point X. Loi^sen 
screavs G and H and turn screw’ I until arm D breaks ooiitaet. Ciicck 
this by rotating shaft again. Tighten screws G and H. Also dieck 
contact opening of breaker arm D, and if it was set Ixdore at *022 in., it 
should still be within the limits mentioned above. If outside oi these 
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limits 3 reset the i)omt opening and synchronise arms again. Do not make 
any adjustments to arm A, but confine the adjustments to arm D, to 
complete the synchronising. 

For distributors haying opposite rotation, proceed as directed, except 
rotation, and ahgn with the JV side of the synchronising tool first and the 
31 side last. 

The graduations on the tool represent engine degrees, and the breaker 
arm must not he out of synchronism more than two engine degrees. 

The eye cannot detect the moment the points open. To get an 
accurate synchronising adjustment connect an ammeter in the ignition 
circuit at the distributor terminal. If on the car, make sure the ignition 
sAvitch is ‘"on."” The instant the ammeter needle drops hack to zero the 
points are open. 

To Synchronise Circuit-breaker Opening on Delco-Remy Six-cylinder 
Distributor with Three-lobe Cam 

The contact-point opening of the stationary breaker arm A (Fig. 19) 
should be set first, and then the synchronism completed by adjustments 
to the movable set of points (arm D). 

Turn the distributor shaft till the rubbing block of breaker arm A is 
on a lobe of the cam. Loosen screw B, and turn screw O to get contact 
opening, which is from -018 in. to -024 in. Tighten screw B. 

Turn shaft again till the rubbing block of breaker arm D is on the 
lobe of the cam. Loosen screw E and turn screw F till the points open 
*018 in. to -024 in., preferably -022 in. Tighten screw E, 

If the distributor rotates clockwise, yieAyed from the top, place syn- 
chronising tool on cam, with the M side of the spring in the slot in the 
cam, then turn cam in direction of rotation till the graduations on the M 
side of the tool are near the slot in the rim of the distributor base. 

Continue to turn cam till breaker arm A breaks contact, and note 
graduation on tool that aligns with the approaching edge of the slot. 
Again turn cam, in same direction, till the same graduation on the 2f 
side ahgns with the same edge. Loosen screws G and H and turn screA\^ 
J till breaker arm I) just breaks contact. 

Check this by rotating cam again. Tighten screws G and H. Also 
check contact opening of lever D, and if it was set before at *022 in., it 
should still be within the limits. If outside, reset the point opening and 
synchi’onise arms again, confirming the adjustments to the arm D, 

For distributors rotating counter-clockwise, viewed from the top, the 
procedure is as described, turning the cam in a counter-clockwise direction 
and locating the side of the tool marked N in the cam slot. 

The graduations on the tool represent engine degrees, and the 31 side 
is just 60 cam degrees or 120 engine degrees from like graduations on the 

side. The breaker arms must not be out of synchronism more than 
2 engine degrees . 
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The eye cannot detect the moment the points open. To get an accu- 
rate synchronising adjustment, connect an ammeter in the ignition circuit 
at the distributor terminal. If on the car, make sure the ignition switch 
is '"on/' The instant the ammeter drops back to zero the points are 
open. 

Adjustment and Cleaning of Circuit-breaker Contacts 

The correct gap for the circuit-breaker points is *018 in. to *024 in. It 
is important that this setting be checked and maintained. If the points 
are too closely set, rapid burning will result. The general cause of these 
points closing up is wear of the fhre heel on the contact arm and which 
bears on the cam. This wear can be minimised by lightly greasing the 
cam with vaseline. The only adjustment required in service is to 
maintain the correct gap as above. 

When fitting a new contact arm be strre it is free on its pivot. A trace 
of light oil should be applied to the pivot, and care taken, when tightening 
the point spring, that there is no binding. Binding of the spring can be 
relieved by tightening the nut, as shown in Fig. 20. 

Should the contacts require cleaning, they should be lightly rubbed 
with an. oil-stone until all raised portions of metal are removed. It is not 
necessary to grind the points away sufficiently to remove each small pit. 
Avoid oil on the points. 

We are indebted to Messrs. Delco-Remy and Hyatt, Ltd., of 111, 
Grosvenor Eoad, London, S.W.l, for the information upon which the 
above article is based. 



BATTERY REPEATING PROCEDURE 
AND SERVICING 


By E. T. LAWSON HELME 



T he "battery, feeing the unit of car electrical equipment upon, which 
all the others depend, must function with reliability under varying 
conditions of load and temperature. Modern design has produced 

very efficient 
batteries, and 
breakdown can 
nearly always be 
traced to neglect or 
normal deterior- 
ation. 


Uj . 1. — First opekation in preparation for battkrv 

KKPEATI^'G 

Drilliner out coll connectors. IBu courtp^u of Shaw <0 
'ilhuni, Ltd.) 


First Sign of a De- 
fective Battery 

The first sign of 
defe ctiveness is 
failure of cells to 
maintain voltage 
under load, or to 
remain in a fully 
charged state under 
no-load conditions. 
The reason is lost 
capacity, the result 
of several possible 
causes. Chief among 
these may be men- 
tioned excessive 
sulphation of the 
elements througli 
incorrect charging 
or neglect to main- 
tain the level of 
the electroly^te, 
buckling of the lead 
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Fig, 1a. — Shape 

OF DRILL FOR 

LINK REMOVAL 

grids, and dislodg- 
ing of the active 
material, or the 
breakdown of the 
separator insulation 
— caused hy high 
charge and dis- 
charge rates pro- 
portionate to 
normal capacity — 
or a defective con- 
tainer with leakage 
ill the intercell 
partitions. 



Fig. 2. — Re:m:aking battery — second operation 


Finding Out Con- Wten. all the conDeetions are removed, the pitch sealing top 
d‘f‘ R +f plates is heated to soften for plate removal. Operation 

aitlOn 01 tSattery shows heater unit being brought in te position. [Eg courtesy of 

The only reliable ^ Kiibum, Ltd.) 

measure of cell con- 
dition is a combination of voltage readings on charge and discharge with 
a test of electrolyte density by a hydrometer syringe. 


Specific Gravity Test 

In the average starter battery, each cell should show the siiine specific 
gravity — 1-250-1 *280, and voltage should not fall below 1-H volts per cell 
under starter load. 


Volt Test 

The loaded voltmeter used in most service depots for cell testing 
imposes a load of 150-180 amps — when cell voltage should read 1-2- 1-4 
volts if the battery is in sound condition. If one or more cells show a 
markedly lower reading, or fade away rapidly under 20-30 seconds’ 
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Fig. 3. — Thirb opeba.^ion 

Plate removal. A special clamp lever is sho\m vith one cell partly removed. 


duration of load, the elements are defective and the battery must be 
opened up for inspection and repair. 

Replating 

It must be stressed at the outset that replating single cells in a battery 
is inadvisable, as the remaining cells have all had the same length of 
service and shared any ill-treatment which has been a contributory cause 
of trouble, so it is only logical to conclude that all need the same treatment, 
though only one shows signs of breakdown at the moment. If passed, 
the other cells will fail within a short time, and the work will have to be 
repeated on them, A complete replatal is the only reliable means of 
restoring battery condition. 

Inspection Before Opening up Battery 

Before opening up, the battery should he washed down, emptied of 
electrolyte, and inspected for evidence of damage, such as worn-away 
corners of the moulded container where a leak is liable to occur, broken 
fixing lugs, or cracks. A note should be made of any numbers or mark- 
ings stamped on the inter-cell links. 

Taking Off Links Between Cells 

The inter-cell links are welded or “ lead-burnt ” to the cell terminal 
posts, and must be drilled off as shown in Pig. 1. The drill must be 


BATTERY BEPLAITNG PROCEDURE [you iv.] 427 



Fig, 4. — ^Foubth oPERATioir 

Whea all the plates have been removed, casing is thoreiighty drained and waslied oat. 


started ceatrally aad the drilling should extend only to about two-thirds 
the depth of the lint. The drill should he about |-in. diameter, and 
should be ground with a, pointed centre and a wide angle, as show in 
Pig. lA. The use of an electric hench-driUing machine enables the links 
to be drilled oflf centrally without centrc'-punching, though this may be 
adrisahle with the use of a portable hand drill. 

Next Test for Leakage in Container 

If the top of the battery is now wiped clean and dry, the cells may be 
tested for inter-cell partition leakage by applying prods from a mains- 
test lamp circuit to adjacent cell terminals, when the lighting of the lamp 
indicates leakage and the need of a new container. This is advisable 
when the owner asks for report and estimate of cost. 

Removing the Cells 

After removal of links, the sealing nuts should be removed, where 
fitted, and the battery placed under the heater for softening of the sealing 
compound. The unit shown (Tig. 2) is in the form of a swivelling cowl, 
with electric heating elements which radiate heat uniformly ov^er cell lids, 
compound, and container edges. When the compound is soft to the 
consistency of butter, the cell units are ready for withdrawal. 

Each cell group is extracted from its container by attacking claws to 
each terminal post and exerting even upward pull without straining one 



Fig, 5. — Washing our ( 

Higln-pressar© jet of water is being directed to inside of container. Inverted container 
over jet, which is being operated by foot. 
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side more than another. As the lid, 'wHch is a brittle, moulded pressing, 
must Tbe pulled out with the group, it is necessary to ensure that the sealing 
compound is uniformly heated and softened throughout before attempting 
to lift the group. 

In some designs, where the sealing space is deep, it is a good policy to 
remove as much as possible of the sealing compound with a hot putty 
knife and to run a thin hot Imife blade round the lid to break its joint to 
the sides of the container. 

Fig. 3 illustrates the extraction of groups with a specially designed tool 
which exerts a balanced pull, while the battery container is held in position 
by edge-plates - 

An alternative method of preheating is the use of a steam chest, which 
takes the form of a box structnre designed to lie on, and completely enclose, 
the w^hole top of the battery. A flexible pipe connects this chest to a steam 
generator, and the steam permeates each cell through the filler orifice, 
heating the internal lid surfaces and cell walls, preparatory to group 
extraction. Whichever method is used, it should he borne in mind that 
the crates and lids of modern batteries are of a material which softens with 
heat, so that care is necessary to avoid distortion or damage. 

Washing Lids and Containers 

When the cell units are out, the lids, if intact and fit for further use, 
should be removed, cleaned of compotmd, washed, and put aside while 
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still -warm. They 
should be inspected 
for damage, distortion, 
cracks, or other de- 
fects, while the 
stoppers shoxld he 
washed and replaced 
while the lids are semi- 
plastic to ensure that 
the filler orifices do 
not lose shape when 
cool and hard. 

The acid residue 
in the containers and 
on the plates needs 
to be treated with 
respect, as its corrosive 
possibilities are far- 
reaching. 



Fig. 6 . — ^AssEMBLma new plates 

Positive and negative plate groups of a batterjr cell 
being correctly interleaved together. Note that negative 
plate occupies outside position on each side of the groups. 



This shows the thin wooden separators being inserted 
between the positive and negative plates of a battery cell. 


Fig. 7. — Remaking batteby 


Wet plates should 
be handled only 
through rubber gloves 
or hands treated with 
neutralising ointment, 
and should be placed 
on a rack or lead- 
00 veered drain -board 



Fig. 7a. OrKvi’in- 

Toorii ‘"float’’ 

Fun LEAD WOKKINOJ 
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while the containei is 
thoroughly washed out. Fig. 4 
shows this operation, in which 
a powerful water jet is 
employed to dislodge caked 
sediment. 

The appliances used for 
washing out containers must 
include means of preventing 
the sediment, which is washed 
out in suspension, entering 
main outlets in such proportion 
as to cause a stoppage. The 
usual method is a trap tank 
with outlet pipe near its 
upper edge so that the 
sediment, composed of dis- 
lodged lead oxide and chemical 
waste, collects in the tank, and 
only a small percentage is 
carried out with the water. 
Fig. 5 shows a method used 
to dislodge hard accumulations 
between the rihs at the bottom 
of each cell container. This 
space mustbe properly 
cleared, so that sheddings from the plates will not form a conducting layer 
liable to short-circuit positive and negative elements. 

The sediment tank, situated beneath the V-shaped sink shown in the 
photograph, has a main water pipe sealed into its bottom and projecting 
upwards with a nozzle extremity. A spring-loaded valve, operated by 
pedal, enables a strong jet to be directed into each container when the 
crate is inverted over it. 

Examining the Cell Plates — Faults and Their Causes 

Examination of the cell elements removed will usually reveal the 
causes of failure and may serve to indicate the line of advice to the owner, 
oi treatment of the vehicle electrical equipment where there is reason to 
assume that battery breakdown is the result of defects in it. 

Spongy Plates 

When the plates — especially the positive groups — are found to be 
spongy with loosened active material, and the lead grids or plate frames 
are buckled, this may he traced to excessively high, charging and dis- 


lig, S. — BEMCAicrNG battebv 

The new groups of plates and separators being 
inserted into battery case. 
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Jig. 9. — FiTTiNa the coveb to the cell aetee in-- 

SEETXITG TEE GBGDES Jig. 9b. — COELAE SEAT. OF POST 


charging rates ^ indicating the need for correction of dynamo and charging 
control or the reduction of load. 

Sulphate d Plates 

Light-hrown positive plates with hard brittle suiiaces, and negative 
plates of hardened texture and white patches, indicate excessive forma- 
tion of lead sulphate, usually due to prolonged idleness in a discharged 
condition, or insufScient charging hours to maintain the balance of 
discharge. 

Shorted Plates 

A cell -which gave no reading on the cell voltmeter may be found to be 
shorted by a fragment of lead joining group bridges. Acciimiilatioii of 
sediment, or punctured separator. The latter will nearly always be due 
to heating and plate buckling, or may he occasioned by the omission of a 
separator on the previous assembly. 

Open-circuited Plates 

As an open circuit will cause no reading, in addition to disabling the 
battery entirely, cause should be sought in broken group straps, terminal 



Fig, 10. — Remaxing batteby- 
Sealing the covers with pitch. 


past, or similar defect. Hardening and sulphation — indicated by a 
white surface deposit — on the upper halyes of both elements is a clear 
indication of elements exposed by failure to maintain correct level of 
electrolyte. 

The crate should also be examined for cracked inter-cell partitions, 
caused by overheating and expansion of elements. 

Assembling New Groups 

With, container dried and checked, lids and stoppers cleaned, nuts 
and inter- cell links renewed or restored for further use, the new groups 
can be assemhled. Fig. 6 shows positive and negative groups being 
correctly interleaved together. Note that plates must be in alternate 
positions, and that there is one more plate in the negative than in the 
X30sitive group. 



lO-A.— S hape oEFi^^iSHED sruD Fig. IOb. — Assembly oe bimk 

READY FOB AVELDING 
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A negative 
plate, therefore, 
occupies outside 
position on 
each- side. The 
groups should he 
assembled with 
edges level and 
the lid tried on 
to make sure that 
the terminal 
spacing is correct. 

This being so, 
separators can be 
inserted. 

Inset ting the — rnTTma jigs PBIOB to \^^LDING cell CON^JIECTOItS 

Separators 




There seems to be a variation of opinion as to whether the grooved 
sides of wood separators should be towards the positive or the negative 
plates. New groups should be assembled in. the same way, in this respect, 
as those removed from containers. It is most important to ensure that 
no separators are omitted. The number required should be placed in a 

pile and used in 
assembling, and 
each group 
should be 
checked on 
c o nipl e t i o n . 
The group ele- 
ments, being in™ 
terleaved, are 
laid on one side, 
and the separa- 
t ors inse rted 
from the upper- 
most side and 
bottom of the 
group, as de- 
picted in Fig. 7. 
A practice 
which e:xperi- 

„ . , ^ ence lias proved 

F'Uf. 12.— \\ iiLl>lN'G CEEL COJSNECTOBS _ . / 

r.,. . / , r r / soundLstoeom- 

The operator looks tbrougli glass screen of fume extractor (see , - 

23). nicnce with the 


M.ILO. IV. — 2S 
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Fig. 13. — Gefekal view qe HEPLAriNa plant 
The fume extractor can be seen at the right. {By cowimj oj /Shaw & Kilburn Ltd.) 

middle pair and work outwards alternatively, making sure tliat grooved 
sides are correctly positioned. If the outer separators do not slide 
easily into place, they can be gently tapped in with a wooden hat, tapping 
the side of the separator which is cut across the grain. Edges should 
be levelled up and the group stood on a clean board or sheet of paper 
to avoid dirt ox chippings of lead becoming lodged between plates. It 
should be remembered that separators must ahvays he kept in the air- 
tight wrappings in which they are packed. If left out in the atmosphere, 
they soon dry and warp, and are rendered useless. 

Before commencing to assemble the groups into the container, the 
inside edges of compartments should be freed of any remaining sealing by 
paring with a sharp knife, paying special attention to corners. This eii- 
ahles lids to be easily refitted, and risk of breakage is minimised. 

Repairing Containers 

Cracked containers or partitions cannot be successfully repaired, but 
small blemishes or v/ovii corners may be restored in moulded containers 
if the damage is slight. The moulded material is softened by a gentle 
gas flame, using the lead-burner with no oxygen, when a piece of broken 
lid of the same material is worked into a putty consistency with the flame 
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and a hot knife, ani 
pressed into the 
damaged part, being 
kept plastie and 
smoothed oflf, allowing 
time for subsequent 
cooling and hardening. 
A tool of considerable 
use to battery men is 
the curTed-tooth 
ioat ” — sketched in 
Fig. 7a — ^resembling a 
file in shape, but cut with 
coarse cutting edges 
across its faces. This 
tool will work lead 
without clogging and 
ean be used with ad- 
vantage to smooth off 
the repair to the 
moulded crate when 
hard. The top edges of 
container may also be 
smoothed off if rough 
or damaged. 


Fig . 14. — ^H[yDiioM:E’XER test foe specific aitAviac'e- of 

ACID 


Fig. 15. — Voltmeter test 


Inserting Groups in 
Container 

Tig. 8 shows how 
completed groups are 
inserted in containers. 
One edge is first 
entered and the unit 
kept as square with 
the container as poss- 
ible, when it should 
slide easily down into 
position. 

The operator must 
take particular care that 
the terminal posts 
occupy correct posi- 
tions, i.e. alternate 
positive and negative 
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posts ill each row, with the end terminals placed according to original 
layout. Groups should he pushed fully home and terminals should be 
all level. The lids must he fitted with care, entering squarely and pressing 
evenly down on the group bridges. When properly assembled, all lids 
should be level and flush with container edges. Fig. 9 illustrates the 
fitting of a cell lid. 

Sealing the Battery 

Sealing the battery comprises two operations: (a) jointing the 
terminals to the lids, and ( 6 ) sealing lids into containers. 

Sealing Nuts or Rings 

Batteries may be fitted with sealing nuts or rings, or the lids may have 
moulded collars or hushes through which the terminal posts protrude and 
are welded thereto. Fig. 9a is a sketch showing a sealing-ring assembly 
in section, and it will he noticed that the boss of the lid is clamped down 
against a soft rubber washer or gasket fitted on the post before lid is 
assembled. A thin lead washer is generally used under the ring to com- 
plete the seal outside the ceh. As a “ quick ” square thread is used, the 
ring must be securely tightened, using a special pegged or slotted wrench, 
and locked with a punch to the post to make certain it cannot slacken. 
It is advisable to fit new rubber gaskets if the old ones are showing signs 
of perishing. 

The -welded seal — shown in section in Fig. 9b— has no rubber gasket, 
as the collar is permanently moulded into the lid. The group posts are of 
smaller diameter, and pass through the bore. The method of welding the 
lead collar and post will be described later in connection with lead- 
burning the links. 

Heating and pouring the Sealing Compound 

The second form of sealing can now be proceeded with. The com- 
pound, resembling pitch, but actually a bitumen, acid-resisting, substance 
with a degree of resilience when cool, is melted in a suitable container, care 
being necessary to avoid too rapid, or excessive, heating. The compound 
should be of the consistency of cream, evenly molten, with no lumps, 
before attempting to seal. The container must have a spout or lip cap- 
able of directing a fine steady floAV, with ease of controlling the quantity 
of fluid, -while the spout should not be too long, or it may cause premature 
cooling cn route from container body. The can showni in sealing the 
battery in Fig. 10 is a good example. Another excellent method is to 
use an old enamelled coffee-pot. With a circular gas-ring, heat is 
applied to the base of the spout, keeping it at uniform temperature, while 
control of the stream of fluid facilitates neat, efficient w^ork. The lids and 
container top— especiall}" the trenches to receive the compound— may be 
sliglitly preheated with the lead-burner jet, keeping the flame on the move 
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to avoid scorching aay one spot. Fluid should be poured steadily and 
evenly into each cell trench to a level just below cell'lid top. If hot 
enough, the compound should adhere readily to the trench edge and form a 
perfect seal. A stroke of the jet flame along each edge vill raise compound 
temperature just sufficiently to ensure a perfect joint. 

Overheating must be avoided most carefully. The compound should 
give off only the faintest smoke ; if temperatures rise too high, the con- 
stituent oils may be evaporated and the resultant seal loses elasticity and 
be liable to crack. If too cool, the compound is heavy to pour, hes thickly 
and unevenly in the trenches, and does not unite properly with container 
and lid surfaces. 

If compound is run at the right temperature, there should he no need 
for more than the merest flick of the jet to complete edge seals, and the 
risk of charring moulding surfaces, which is liable to occur when jet-sealing 
of too-cool compound is resorted to, can be avoided. 

The efficiency of the repair depends in considerable measure on correct 
and thorough sealing at the proper temperature. 

Welding the Links and Terminals Together 

The final, and nearly most important, process of lead-burning the 
links and terminals is a misnomer from the plumbmg profession. Actually 
the operation consists of welding the parts uniformly to make perfect 
electrical contact capable of carrying currents momentarily reaching two 
or three hundred amps, without readable volt-drop, so its importance is 
obvious. 

First, the collars of ringless batteries must he welded to the terminal 
posts to form shallow studs or posts to receive the links. A tapered-bore 
jig is fitted over the collar, and the oxy-gas jet adjusted to give a flame 
about ^ in. across, 2 in. long, and with a blue (oxygen) tongue about | in. 
in length. The hottest part of the flame is about ^ in. from the end of the 
blue tongue, and this should be applied for a few seconds to the jig to 
ensure uniform heating and evaporation of condensed moisture, which is 
fatal to good lead-welding. The flame must be kept moving in a circle, 
melting and combining post and collar top, a steel spike — such as a 
pointed cycle-wheel spoke — being useful to assist amalgamation. More 
lead is added from the stick and the terminal built up to the top of the jig. 

Make sure that the jig is narrow-end uppermost and that the flame is 
not played too long on the molten lead at the bottom, as it may rim out 
and spoil the lid and sealing. Figs. 10a and 10b show in sketch form the 
shape of the finished stud and the assembly of the link ready for welding, 
respectively. Avoid removing the jig till cool and set. The taper here 
enables it to be removed without force. 

In ring-sealed batteries the new group terminals are ready formed, 
and links should be filed and scratched bright and then tapped into 
position. 
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Special ring jigs are used for enclosing and supporting the link while 
being welded, as Fig. 11 shows. 

The flame should be used to preheat the jig for a few seconds, and then 
applied to post and link, being kept moving in a circle round the joint as 
amalgamation occurs and lead is added to complete the weld, as illus- 
trated in Fig. 12. This photograph shows how the hot part of the flame 
is utilised, the burner having a thumb valve to control oxygen supply. 
It should be note that the link ends are not always the same size, and two 
ring jigs may he required. These are used in pairs, as shown, enabling 
each link to be welded on in one operation. Once the metal has amal- 
gamated, heat should be kept away from the edge and the lead must be 
kept molten on top only. Otherwise it may run through under the jig 
and spoil the link. 

Protection of Operator from Lead Fumes 

The inhalation of fumes from the lead must be guarded against. In 
the general view of hattery-shop equipment shown in Fig. 13, it will be 
seen that the cowl is provided at the welding bench at the far end of the 
shop. This is connected by a flue to an extractor fan, the front of the 
cowl having a glass window so that the operator has a clear view of his 
work, while all fumes are drawn away by air current. It will also be seen 
that the shop layout follows mass-production lines, batteries being passed 
from each operation to the next in order. 

This method of layout saves time and space and enables three or four 
operators to work in series, handling a succession of repairs without 
hindrance or delay. 

Other points to be considered in shop design are the maintenance of 
general cleanliness and order, and the safe disposal of dangerous waste 
material. Old plate groups must be stored in closed receptacles. Lead 
dust is poisonous and must be carefully avoided, and drillings and chips 
should be stored separately. Used sealing compound is not recoverable, 
but scrap metallic lead can be melted down and cast into sticks in. a special 
mould for use in welding. The trapping of sediment has been referred to. 
Acid in w^aste water from the washing equipment should be diluted as far 
as possible, and it is advisable to drain and clean out the sediment tank at 
frequent intervals, without waiting for sediment to accumulate to any 
extent, when its acid content may attack unprotected metal. In this 
connection, the pipe supplying high-pressure jet should be heavily coated 
with sev^eral layers of antacid paint, and the inside of the tank lead-lined. 

Making the Hydrometer Test 

Methods of battery testing are illustrated in Figs. 14 and 15. The 
hydrometer syringe, shown in Pig. 14, is used to extract a sample of 
electrolyte from each cell, the depth to which the hydrometer sinks 
indicating density or specific gravity, which is the proportion of acid in 
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the solution. The process of changing drives acid out of the elements 
into the solution and discharging causes a degree of reabsorption, so that 
specific gTavifc7 is a fair* indication of the state of charge. When taking 
readings, care is necessary to see that sufficient liquid is withdrav^m to 
fully float the hydrometer, which must not lie against the side of the 
syringe. It should be held nprighb, as shown. Healthy cells will give a 
uniform reading : any one below the others indicates a fault. Acid 
spillage will upset proportion and should be made up with solution of the 
same density as that remaining. Otherwise, acid should never be added 
in normal circumstances, as it does not evaporate, and only distilled water 
is needed to restore the level. 

Applying the Voltmeter Test 

The loaded voltmeter test, shown in Tig. 15, should not he applied to 
eeUs with a markedly lower density than their fellows, because the load 
imposed may hopelessly damage an already weak cell. Age and general 
use must be considered in ascertaining cell condition. A battery over 
two years old is about due for replating. 

External Indications of Plate Condition 

Inspection of lids will sometimes indicate plate condition. If lids are 
no longer level, but tend to lift under each positive terminal, the positive 
groups have distorted and buckled. 

Incorrect sealing of the positive-terminal post will result in the solu- 
tion rising hy capillary attraction and causing corroding of the cable lug. 

Overtopping 

Overtopping of cells may cause airlocks in the filling tubes and the 
solution being forced out by gas pressure. The level should not he more 
than I in. over the separator tops and clear of the bottom edge of the 
filling tube. Fit new stopper gaskets where necessary, and see that the 
stopper gas passages are unobstructed. 

Cleaning Cell Tops of Solution 

If the solution has been blown out over the cell tops, the best cleaning 
method is a jet of hot water from a geyser. Or a kettleful poured over the 
battery. When evaporated, a clean, non-conducting surface results. 



C.A.V. STARTERS, DYNAMOS, 
REGULATORS, AND CUT-OUTS 


T he very extensive range of equipment manufactured by C.A.V. 
makes it impossible within reasonable space to give details of every 
item. In the following, therefore, instructions for care and main- 
tenance are given for standard equipment, which will be found in most 
common use. 

Before removing any equipment from a vehicle for servicing, or 
carrying out work on wiring or equipment while it is in position on the 
vehicle, it is advisable first to discomiect one of the main-hattery con- 
nections in order to prevent short-circuits. If, however, a naain-battery 
cut-off switch is fiitted, this precaution is unnecessary, as operation of the 
switch serves the same purpose by breaking the main connection from 
the battery. 


ELECTRIC ENGINE STARTERS 

Two distinct types of C.A.V. starters are available for starting vehicle 
engines. Both types employ the familiar method of turning the engine 
by engaging a small-toothed pinion with corresponding teeth on the 
fl5rvvheel rim. 

Non-axial Starter 

Eor the majority of petrol engines the non-axial ’’ or inertia-pinion 

type of starter is 
used. This is a 
simple series- 
wound motor with 
an extended shaft, 
on which is fitted 
a quick-start 
threaded sleeve 
along which a 
freely mounted 
pinion travels into 
engagement with 
the flywheel. The 
momentum of the 

lig . 1. — Typicai. C.A.V. noj^-axial starter pinion is caused 

440 
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by the roteition of 
the starter arma- 
ture , and the actnal 
shock of pinion 
engagement with 
the flywheel is 
usnally absorbed 
through a large- 
section coil spring. 

Axial Starter 

The production 
of a, completely 
successful electrical 
starter for engines 
of large horse- 
power introduced 
many dif&culties, 
which were not 
completely overcome until the introduction of the axial type of starter. 
As its name implies, the axial ’’-type starter is so termed hecause its 
armature and pinion slide with an axial movement in the bearings at the 
same time as they rotate, so that in the extended position the pinion 
engages with the teeth on the flywheel rim. The pinion is held in the 
disengaged position by means of a coil spring fitted inside the shaft at 
the commutator end. The operation of the axial starter is positive, and 
the risk of damage due to engine hackrock or faulty meshing of the 
pinion with the flywheel teeth is reduced to a minimum. 

Operation of Axial Starter 

The field windings of the axial starter are divided into the main 
series, auxiliary series, and shunt coils. 

When the starter push is operated, a current passes through the 
shunt- and auxiliary -series windings, which causes the armature to 
rotate slowly. At the same time the magnetic field in the poles acts upon 
the armature which, when disengaged, is out of complete register with the 
poles. The solenoid effect upon the armature pulls it forward, so that the 
pinion meshes gently with the engine -flywheel teeth, and at the same time 
a disc on the armature shaft trips a small lever which releases a catch 
and allows the main contacts in the solenoid switch to close. Thus it will 
be seen that it is only when the pinion is nearly in complete mesh vuth the 
flywheel that the main current can flow through the solenoid switch and 
energise the main starter series winding so that the full starting torque 
is applied. This feature ensures a positive and cpiiet engagement, 



JFig, 2, C.A-.V. AXIAi-TYPE STAJtTER 

Showing the pinion in the disengaged position. 
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Fig. 3. — C.A.V. axl-AL-type staster (BS6) sectioned ro show intbr-hal cohstehotion 


without any violent engaging impact and consequent damage to pinion 
and flywheel teeth. 

Directly the engine fires and gets under way the main current is 
greatly reduced, together with the strength of the magnetic field, so that 
the spring tension overcomes the force exerted by the magnetic field, 
and the pinion automatically disengages. This is not so, however, on 
machines fitted with ‘"holding-on” windings, in which the pinion is 
held in mesh with the flywheel teeth until the starter button is released. 
A further outstanding feature on the axial starter is the provision of a 
mnlti-plate friction overload device which prevents damage occurring 
due to engine backrock, and is a positive safeguard against the pinion 
teeth being sheared due to excessive load. It is a simple device employ- 
ing a screw and spring-loaded clutch assembly, which is so arranged as 
to have a slipping torque of approximately 1|- to 3 times the starter lock 
torque. 

When using Starter 

Points to remember when using starter : 

Make sure all engine controls are correctly adjusted. 

Release the switch as soon as the engine fires. 

If the engine does not fire at once allow it to come to rest before press- 
ing the starter switch again. 

Do not use it continuously if the engine will not start. Ascertain the 
cause of failure. 

With some engines it is often helpful to depress the clutch when 
starting. 
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On no account 
should it bo operated 
•while the engine is 
Tunning, otherwise 
serious damage is likely 
to occur to hofch starter 
and dpvheel teeth. 

Starter Maintenance 

4, ClEAJaANCE BETWEEN EL.Y\VEEEL TEETH AND . , - , 

STAHTEB, FiNioH Although there is 

a distinction between 
axial and non-axial 



types, the majority of items of maintenance apply equally to both types, 
and it is, therefore, possible to consider the following as apphcahle to both 
axial and non-axial types except where a distinction is indicated. 


Mounting 

When a starter is mounted by the manufacturer, care is taken to 
ensure that cleaiances between the starter pinion and flywheel teeth 


Fig. 5. — Method of bedding in’ caebon breshles 

Wiup a strip of very fiiio glass- or carborunduiD. paper firmly round ooimnutator and 
•with, brushes in position, rotate armature by hand iix normal direction until correct brush 
shape is obtained. 
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are maintained. InsufiScient caxe, hoAvever, is often shown -when the 
starter is remounted during service, and incorrect clearance is often the 
unsuspected cause of trouble. 

The pitch-line clearance between pinion and flywheel should be 
•015--025 in., and the distance between centres may be calculated 
simply thus : 

For example, Flywheel with 146 teeth, 
pinion with 13 teeth, 

centres + '015 min. = 9-890 in. 

2x8 

-L .025 max. = 9-900 in. 

2x8 ^ 



Fig . 6. — Testing- bbush string tressuees 
For correct spriag pressures, see text. 


Another imparta>iit but often 
neglected dimension, which has 
considerable bearing on the 
pinion engaging speed and con- 
sequent hfe of the pinion, is the 
distance betiveen the engaging 
faces of the flywheel and pinion 
when the sta^rter is at rest ; this 
should be : 

Axial : in. full travel of 

armature in. 

ISTon-axial : according to size 
and type of machine. 

Brush Gear 

Inspect the brushes at regular 
intervals of, say, every 5,000 
miles. If they are withdrawn 
completely from their boxes, 
take care to replace them in 
exactly the same position in 
their boxes. This will ensure 
that the bedding curvature of 
the brush face will conform 
accurately with the commutator 
periphery. 

Replacement of Brushes 

If for any reason it is not 
possible to replace brushes in 
their former positions, or if new 
brushes are fitted, they should 
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Fig. 7. — UiTDBitctJT’Tma com:m:tjta.tor mica 
The mica insulation, betw^een tli© commutator segments should be removed to a depth 
of ^ in. below the copper surface. 



8. ArR-ATSTGEMENTT of AUrvIATUEE TESTII^G APPARATUS 

The continuity of the armature coils is being tested in a simple jig on tlie right. This 
method of testing is described in the text. A growler is shown on the left. 
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be '' bedded ” befoie the machine is run. This simple operation can be 
carried out by wrapping a strip of very fine glass- ox carborundum paper 
(do not use emery cloth) firmly round the commutator, and with the 
brushes in position rotate the armature by hand in the normal direction 
of rotation until the correct brush shape is obtained. 

Brushes should be free in their guides. Badly worn brushes will 
cause trouble because the brush trigger or spring can no longer provide 
effective pressure. 

It is essential that replacement brushes are of the same grade as those 
fitted originally to the machine, also that the brush-spring pressures are 
not altered. Test the hrush-spring pressures (^ee table) by means of a 
spring-balance hooked under the spring trigger or spring tips. The 
pressure can he varied on the majority of C.A.V. machines by twisting 
the spring into different slot locations on the trigger. 

Brush-spring Pressures 

SC, S5, ZBB, ZAB12VOLT 24-32 ounces 

ZAB24VaLT 36-48 „ 

BS5I2 and BS524V0LT 32-40 „ 

BS612 aiidBS624VOLT 18-24 „ 

Attention to Commutator 

Good commutation is essential for the consistent and trouble-free 
running of any starter. The commutator surface should be clean and 
free from uneven discoloration. 

Any deposit bridging the segments across the intersegment insulation 
should be removed, and the commutator surface cleaned with a very fine 
grade of glass- or carborundum paper (do not use emery cloth). 

Skimming Commutator in Lathe 

If it is found impossible to clean, the commutator by this method, 
or if the surface is badly pitted, it will be necessary to skim the commuta- 
tor in a lathe. Only a very light cut should be made, and a diamond- 
tipped or wimet-tipped tool used to ensure a high-quality finish. 

Undercutting Commutator 

The commutator should be undercut ’’ after turning, i.e. the mica 
insulation between the commutator segments should be removed to a 
depth of hi. helow the copper surface, care being taken to remove the 
full width of mica and to leave nothing to project above the copper. 
Tor this operation may be purchased a special tool, which generally 
takes the form of a small saw-blade, complete with handle and a heavy 
reinforced back to the hlade in order to assist steadiness in use. An old 
hack-saw blade will, however, make a serviceable tool in an emergency. 

Testing the Armature Coils 

When a commutator has been examined and reconditioned according 
to the above, and intermittent running of the machine is evident, the 
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possibility exists of 
one or more of the 
armature coils be- 
ing either burnt 
out or damaged. 
Continuity of arma- 
ture coils via the 
armature can be 
tested on a simple 
jig, v^Mch is shown 
in Fig. 8 . The 
armature is 
mounted between 
centres on a fixture 

Fig. 9. N'OIf-AXIAIi-TYPE STAHTER DEIYE OU wMch arO alsO 

fixed two carbon or 

copper brushes, mounted at an angle of 90° to each other and in such a posi- 
tion that tbey can be made to contact with the commutator periphery. 
A car battery is connected to the two brushes, and a milli-volt meter is 
required complete with two hand-spikes. A yariable resistance should be 
included in the battery circuit, capable of carrying the full output of the 
battery and adjusted to give 2 volts or less on the armature. To carry 
out the test the hand-spikes are applied to two adjacent commutator 
bars and the milli-volt meter reading recorded. This procedure is con- 
tinued all the way around the commutator surface (each bar being used 
twice in succession) until all bars have been tested and the readings 
recorded. 

If all the coils are in order the readings should be approximately 
the same, any big variation, therefore, indicating a fault in the coil 
connected to the respective commutator bar. It is useful to know that, 
generally speaking, 
a reduction in milli- 
volt reading indi- 
cates a short- 
circuit, whilst the 
converse shows 
either a faulty con- 
nection or an open 
circuit. 


Field Coils 

Unless particu- 
lars of ■windings, 
resistances , et c . , are 
known for each 


Fig. 10. — C.A.V. type IC starter drive 
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Fig, 11. — Appahauus por testin-g clutch torque on* axiial-typb starters 


particulaT type, a successful test cannot be xindertcaken. It is possible, 
of course, on machines with straightforward windings to test for contin- 
uity and internal shorts, the latter test being carried out by comparing 
the resistance registered in each coil by means of an ohmeter. Alterna- 
tively, the voltmeter-ammeter method may be used. As the resistances 
of the coils should be within 6 per cent, of each other, any excessive 
variation registered in any single coil shows that coil to be faulty. 


Lubrication 

The majority of non-axial starters are fitted Avdth oil-less types of 
bearings which do Tiot need lubricating. There is, in fact, a danger of the 
self-lubricating properties becoming affected if lubrication is attempted. 

When lubricators are fitted to non-axial types a soft grease, as used 
for general chassis lubrication, is recommended. 

Axial-type starters are fitted wdth greasers at the commutator end. 
These should be kept filled with the recommended grease, grade Bol.l.iv.lO, 
but should not be over -lubricated. Over-lubrication is liable to cause 
costly damage through burned commutators, and saturated armatures, 
field coils, switch, etc. 
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STARTER DRIVE 

Non-axial Starter 

The pinion of non-axial starters should be kept free in travel. The 
screwed sleeve should be cleaned with paraffin and lubricated with thin 
machine oil. 

Some drives are fitted witli a light spring to prevent the pinion from 
creeping into engagement with the fi 3 rwheel through vibration. This 
spring should be kept perfectly free and its efficiency maintained. 

A small retarding plunger fitted to pinions with counter-weights must 
he kept free in operation. 


Axial Starters 

The pinion on axial starters requires little attention. It is kept 
lubricated automatically by a felt wick in the driving-end shield ; that 
is, of course, provided the lubricators are kept well filled, but not over- 
filled. 


Bearings 

When wear occurs in bearings they should be replaced and no attempt 
made at reboring. Replacement of bearings calls for very accurate 
workmanship, and unless adequate facilities exist for extracting and 
replacement it is advisable to have the work carried out by the manu- 
facturers. 


Clutch 

As previously mentioned, all axial-type starters are fitted with an 
overload device to prevent damage occurring due to engine backfire. 
On certain 5-in. diameter non-axial starters fitted with the type IC drive, 
a clutch arrangement, similar to that used on the axial machine, is also 
fitted. 

Before any attempt is made to replace i3lates or any other parts in a 
clutch it is necessary to have test gear available, similar to that shown in 
Fig. 11. 

When new plates are fitted, care should be taken to insert them 
alternately bronze and steel. A bronze plate should be inserted first 
into the housing, followed by a steel one, and so on alternately, in order 
that the last one will be steel to take the pressure of the small springs. 

After the clutch has been assembled it must he adjusted to slip at 
100-115 Ih. ft. torque, and tested about ten times. After this test the 
clutch should be adjusted to slip at 80-100 lb. ft., and if it slips with less 
than 80 lb. ft. torque, compensating washers must be inserted between 
the plates and the back ring until the correct slip is recorded. These 

M.n.o. IV. — 29 
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wasliers are avail- 
able in two thick- 
nesses, '1 and T5 
rum. respectively. 

Terminals 

Eixiing nuts and 
screws on terminals 
should be kept tight 
and clean. Where 
rubber caps are 
supplied for cover- 
ing the terminals 
they should he 
used, because they 
provide protection 
against accidental 
short-circuits. 

Care should be 
taken when discon- 
necting cables to 



Fig, 12. — ^Typical. S-xn. diameter C.A.V. compensated 

VOXTAGE CONTROL DYNAMTO 



Fig, 13,— IVpicaxC.A.V. dynamo with combined EEauxAroR 

AND CUT-OUT, MOUNTED ON YOKE 


replace them on the 
same terminals. 

Starter Switches 

The design of 
the axial starter 
incorporates a 
solenoid - operated 
switch. This switch 
plays an important 
part in the opera- 
tion of the machine, 
and will be found 
dealt with in detail 
under the heading 
of ‘ Switches and 
S w' i t c h g e a r . ’ ^ 
Details of starter 
switches used in 
conj unction with 
non-axial starters 
will also he found 
described in the 
same section. 
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Dan’ts ” to Remember Regarding Starters 

Don^t — 

Attempt to rebore the poles or re-machine armature cores of axial 
starters, because this will upset the engaging action of the starter. 

Use other than proper brushes. Incorrect grades will result in bad 
commutator surface and pitting through excessive sparking ; possibl 7 , 
also, in loss of power. 

Use other than recommended lubricants. Incorrect lubricants cause 
excessive hearing wear. 

Damage armature core when holding it for torque test of clutch. 
Short-circuits in windings may occur or the air gap between poles and 
armature may be affected. 

Bend or damage axial-starter tripping plate on armature, otherwise 
the timing or pinion engagement will he altered. 

Let oil or dirt come into contact with the commutator. This may 
cause short-circuits between commutator bars, uneven brush wear, a 
bad commutator surface, and breakdown of insulation. 

Be oyer-enthusiastic with lubricant. Oiling is very necessary on 
some machines, hut if excessive will result in saturated windings and cause 
premature breakdown of insulation. 

DYNAMOS 

The majority of O.A.V. dynamos are now designed for the compen- 
sated-yoltage control system. This system makes the provision of a 
dynamo charge -control switch unnecessary, as the charging current is 
controlled automatically by the voltage regulator, in order that the 
battery may be fully charged and yet he protected from the possibility 
of its becoming overcharged. Once the dynamo speed has exceeded 
cutting -in speed, its output voltage is kept slightly in excess of the back 
pressure of the battery, irrespective of any variation in speed. In addi- 
tion, the excess voltage is increased as the battery becomes discharged 
and reduced correspondingly as the battery becomes more highly charged. 

It is the usual practice to mount in a separate control board the 
regulator and cut-out for use in conjunction with compensated voltage- 
control dynamos. On small-type machines, however, either a regulator 
or combined regulator and cut-out unit wdll he found mounted directh^ 
on the yoke of the machine. 

Checking Performance 

The performance of a dynamo can he checked if the following simple 
test is applied : 

Connect a ‘‘ centre zero ” ammeter in the main connection between 
the lamp-load and positive-battery connection. Run the dynamo at 
1,200 r.p.ni. or more and switch on all lamps. A small discharge should 
at first be registered in the ammeter if the battery is well charged, wliicli 
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will gradually become less and less ; and within an hour skould com- 
mence to show a charge. If, however, the battery is discharged at the 
commencement, the ammeter will indicate a charge immediately and the 
more the battery is discharged the higher will be the charging rate. 

General Maintenance 

Armatures and field coils on dynamos are similar in construction 
to those fitted in starters, and for this reason the maintenance instructions 
given for starters can be considered as applying equally to dynamos. 


Brush Gear 

Brush-gear maintenance on dynamos is also similar to that given 
for starters on page 444, except that the brush-spring pressures vary 
according to the respective dynamo types, as follows : 


Dynamo 


Pre>s,nire in Ounces 


I>45R 25-27 

045B, C, and D 15-16 

OBR, DBLR, DBK, DBLN .... 20-22 

OA, DOA, DR, DOR, DRA .... 30-33 

M, MO, MR, MOR, MVR 23-35 

D7X, D07X, D7C, DTCR, DSC . . . . 13-14 

MVR, MOYE, MYS, MYRA .... 24-26 

D65B, D065B, D65C, D065C . . . . 15-17 

D5L, D5LF 14-16 

a56F24 12-13 



t ig. 14. C.A.V. COXTROX boajid, tvpe 37F, with covers pemoyed 
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Fig. 15. — Pjmr section oe C.A.V. B2-type regulator 


Ltibrication 

AR dynamos are fitted with, large grease-cups on each end of the 
machine for applying grease to tlie bearings. Either roller or hall 
hearings are fitted, -wliich are packed with grease when the machine is 
first manufactured. It is, however, necessary to give the greasers a half- 
turn approximately every three weeks to ensure that a good supply of 
grease is available at the hearings. When refilling the grease-cups it is 
important to use only a good-quality high-melting-point grease. 

Regulator and Cut-outs 

The maintenance of these items is explained under their separate 
sections on the following pages. 

General Maintenance Hints 

The following points should be observed and checked when refitting 
a machine to an engine after overhaul or replacement : 

(a) The driving pulley or other member should be clamped tightly 
between the shaft collar and shaft nut on machines fitted with parallel 
shafts. On machines fitted with tapered shafts, the driving member 
should be located firmly on the taper to ensure even and quiet running. 

(A) Greasers should be accessible and preferably above the horizontal 
centre-line. 

(c) Careful alignment of the dynamo axis with the driving coupling, 
or any other equipment to "which the dynamo is coupled, will ensure 
maximum ball-race life. Tlexible couplings should be used wherever 
possible. 

(d) See that the band cover can be easily removed to facilitate brush 
replacement and inspection. 
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(e) Particular care should he taten to replace shaft keys when 
remouating the pulley or coupling. 

(/) Terminals or terminal boxes should be kept well away from 
obstruction, to prevent short-circuits and damage to cables. 

(g) Air inlets and outlets on fan-ventilated machines must be away 
from any source of heat and kept perfectly clear. They should also be 
shielded from access of road dirt and water. 

(h) Considerable damage can be caused by oil and water leaking from 
an engine and entering a dynamo. Very great care should be taken if 
the dynamo is near the crankcase breather, fuel pump, etc., to see that 
neither the fuel oil or oil vapour enter the dynamo.' 

(i) Cradle -mounted machines should fit squarely across the cradle 
flanges and be accurately located by the dowel. 

(k) Cradle straps must be tightened evenly a little at a time, and 
should not foul the dynamo-cover band. 

(Z) Flange fixing bolts should be tightened evenly, care being taken 
that the flange locates firmly in its spigot. 

(m) Always replace the split-pin locking the driving-shaft nut on 
flange-mounting machines. 

CONTROL BOARDS, REGULATORS, AND CUT-OUTS 
Control Boards 

C.A.V. control boards are used in conjunction with compensated- 
voltage control dynamos. They are mounted separately from the 
dynamo and include, under a dustproof cover, the regulator, cut-out, fuses, 
and various resistances. 

Terminals are also fitted for cable connections, and junction points 
which are accessible under an easily removable cover mounted separately 
from the main cover. 

When the control board is dispatched from the manufacturers, the 
regulator cover is sealed in order to prevent any unwarranted inter- 
ference with regulator or cut-out. This precaution is necessary because 
the satisfactory working of any coinpensated-voltage control equipment 
is maintained entirely hy the regulator and cut-out, and unless facilities 
exist, therefore, for accurate testing and setting it is advisable to return 
the complete unit to the manufacturer when readjustment or overhaul 
becomes necessary. The procedure to be adopted when adequate 
facilities do exist are given later. 

Sizes and types of control boards vary considerably, according to 
the dynamo and battery with wLich they are required to work in con- 
junction. Particular attention should be paid to the details given on the 
instruction label permanently fixed to the cover, wLich states clearly the 
type of dynamo and battery for which the control board is suitable. 
These instructions should be rigidly adhered to unless the manufacturers 
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Fig. 16. — C.A..V. ba:rrel-ty^pe regxtlator undergoing “buzzer” tests 


have been consulted as to the satisfactory working of the control board 
■with any other equipment. 

Fuse Values 

Fuse values are important. On nearly all types of control hoards 
spare fuses are provided which should be used for replacements . Should 
genuine replacements not he available; care should be taken to use a fuse 
of exactly the same rating as the one previously used. On C.A.V. 
cartridge and strip-type fuses the rating will he found stamped on the 
ends of the fuses. 

Regulators 

The correct and satisfactory working of the coinpensated-voltage 
control system is dependent upon the voltage regulator as described 
later. Various types of regulators are available, all of which are 
described in this section under their various-type headings. A careful 
note should be made of the type symbol marked on the regulator before 
any adjustment or work is carried out. 

Regulators — Types B1 and B2 

These are barrel -type regulators identical in design, tlie only differ- 
ence betAveen the two being in the winding and outside diameter, Avliich 
for type B1 is 2| in. and for B2 l^V 

Referring to Fig. 15, it will be seen that tAvo end caps {B) are perma- 
nently fixed to the main body (A) by spinning over the ends of the body. 
In the centre of the regulator is the armature {€), into which is screwed 
the brass distance-piece (B). The armature and distance-piece are held 
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in a floating position by springs (F), tbrougb the medmin of contact 
screws (G) and {H), Adjustable contact screws (J) and (S) arc screwed 
into the end caps, and locked into position by locknuts (Z) and (7). 
Adjustment of the regulator can be controlled over a wide range of speed 
by adjustment of these pairs of contacts, one pair of which is arranged 
to insert a resistance in the field circuit of the dynamo, and the other 
pair to short-circuit the dynamo field when the dynamo is running at 
high speeds. 

Testing B1 and B2 Regulators 

Should trouble occur with the lighting equipment, or bad starting 
be evident through run-down batteries, it is advisable to test the open- 
circuit regulator voltage in order to ascertain if it is within the prescribed 
limits. 

On the metal label fixed under the locknut (R) is marked the regulator- 
type formula, the last figure of which indicates the voltage setting 
according to the list set out below. For example, regulator marked 
B1E2 — No. 2 setting in list, i.e. 14*0--14:*5 volts. 

Voltage Settings for B1 and B2 Regulators 

Voltage settings covering the El and B2 regulators are as follow^s : 


Symbol 

"No. 

1 , 
<2 

f) . 
i) . 
8 . 
9 . 
10 . 

11 . 

13 . 

41 . 

42 . 

21 . 
o-> 


B1 REGULATOE 


DY. 

BY. 




Open Oiremt 
Voltage Setting 

15- 0 -15-5 
14-0 ~14-5 
14-5 -15-0 

16- 0 ~l()-5 

13- 75-14-25 

14- 75-1 5- 25 

14- 5 -15-0 

15- 0 -15-5 

16- 0 -16-5 
15-5 -16-0 

17- 5 -18-0 

14- 25-14-75 

15- 0 -15-5 

16- 0 -16-5 
10-0 -10-5 
30-0 -30-5 


R2 REGULATOR 


Synihol 

'No. 

1 

2 

3 

5 

0 

8 

9 

10 

14 

21 

22 

23 

32 


Open Cirmit 
Voltage Setting 
15-0 -15-5 ' 

14- 0 -14-5 

15- 5 -16-0 
14-5 -15-0 
1(3-0 -16-5 

/ 16-0 -16-5 1 
\l5-0 -15-5/ 


DV. 


14-5 -15-0 
17-5 -18-0 
7-5 - 8-0 
7-25- 7-75 
7-75- 8-25 
7-5 - 8-(.) 
n-n - (3-0 set on 
10/11 amp. 
load. 


When the voltage setting is knoAvn, the regulator should be tested on 
open circuit ; that is, with all load due to lamps and other accessories 
switched off and with the battery disconnected. A voltmeter should he 
connected across the dynamo terminals and the dynamo run at a speed 
between 1,000 and 1,500 r.p.m. If the recorded voltage does not fall 
within the prescribed tolerance it is necessary for adjustment to be made. 
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Adjusting B1 and 
B2 Regulators 

It is important 
that the various 
operations de- 
scribed should be 
carried out iu the 
sequence given : 

(1) Slacken back 
locknuts (X), (R), 
and (F), 

(2) Screw back 
contact (/). 

(3) Screw back 
second contact (JS) 
as far as possible. 

(4) Screw back 

the sleeve (E). n.— C.A.V. opent.ty-pe peqcxator “ b j 

(5) Screw in the 

first contact (J) until the armature [C) makes contact with the sleeve (Z)). 

(6) Screw back the first contact two complete turns on the Rl regu- 
lator and one-and-a-half complete turns on the B2 regulator. ^ 

(7) Lock the first contact screw (J) in this position by means of the 
locking nut (X). 

(8) Connect the regulator to a suitable dynamo and run the dynamo 
at approximately 1,000 r.p.in. 

(9) Screw in sleeve (JS) until the required voltage setting is obtained. 

(10) Lock sleeve (E) in position by means of locknut (B). 

(11) Stop the dynamo. Screw in the contact (/S') as far as it will go. 
Turn contact (S) back one complete turn. 

(12) Check the voltage -setting readings. If after a speed of 1,000 
r.p.m. is reached the voltage rises, stop the dynamo. Screw the contact 
(J) in slightly and readjust (/S') as in (11). If the voltage drops, unscrew 
contact (J) slightly and readjust (/S'). 

It should he particularly noted that the adjustment of contact (S) 
is possible only while the dynamo is stationary. If the contact is screwed 
up while the dynamo is running a short-circuit is caused on the dynamo, 
resulting in a fusing or welding of the regulator points. 

_ Regulators used in conjunction with ten-cell Nife batteries are sup- 
plied with an extra low -voltage ’’ lead, and for this type two voltage- 
setting figures are shown on the label. The second figure should occur 


When this test is 
being made the regu- 
lator must be cold. 
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when the double- 
voltage lead is con- 
nected to dynamo 
positive, all con- 
nections to the low- 
voltage dynamo 
terminal being 
disconnected. 

Maintenance of B1 
and B2 Regulators 

With the excep- 
tion of contacts, 
very little should 
need attention dur- 
ing the life of the 
regulator. After 
prolonged periods of 
running the contact 
should be inspected and, if dirty, cleaned with spirit or very fine carbor- 
undum paper ; a file or coarse grit should not be used in any oircum- 
stances. If they are badly burnt or pitted they should be replaced by 
genuine C.A.V, spare parts, and the following procedure adopted for their 
removal : 

(1) Contact (J). Release locknut (X) and unscrew contact. 

(2) Contact (jS). Release locknut (B) and unscrew sleeve (E), Tlie 
contact (jS) can be screwed out of the sleeve after releasing the locknut 

(n 

(3) Moving contact (G). Hold contact (H) hy means of a hox- 
spanner, or preferably a hench fixture. By means of another hox- 
spanner, remove contact (G) and immediately insert the new contact. 

Extreme care must be taken with the operation of unscrewing the old 
contacts and screwing in the new ones, as, if excessive pressure is applied, 
the support springs (F) will be distorted and the operation of the 
regulator interfered with. 

(4) Moving contact (B). Proceed in exactly the same manner as 
contact ((?). 

It is necessary when new parts are fitted that they should be “ bedded ” 
down before placing the regulator into service. The apparatus required 
for this operation is simple and the small outlay required will be amply 
repaid hy the resultant consistent running of the regulator during service. 

An alternating -current mains supply is required to he stepx:)ed down by 
means of a transformer to an output of 20 volts, wdiich is suitable for 
testing 6-, 12-, or 24-volt regulators. Connection is made from the 
20-volt supply to the shunt winding of the regulator through the medium 



18 , C.A.V.-TYPE “ no ” KEGtJI.ATOE FOR DYNAMO 
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of the connections fitted under locknuts (X) and (jS). When the current 
is smutched on, a violent oscillation is produced in the regulator contacts, 
corresponding with the frequency of the alternating-curreut supply. 
The current should be left on for approximately half an hour, at the end 
of which time the regulator can be placed in service, provided that the 
voltage settings have not changed. They must he checked after regulator 
has cooled down thoroughly. 

It should be noted that the open-circuit regulator settings will be a 
little high if tested directly after the buzzing test owing to the regulator 
being hot. 

► 

ComMned Regulators and Cut-oats — ^Types BJ and BK 

Types BJ and BK are of the single-unit construction, incorporating 
both regulator and cut-out, each having its own core and windings. 

Type. BJ is for use with large dynamos fitted with two sets of field 
coils. It is fitted with three bobbins and armatures, of w^hich two are 
for the regulators and one is for the cut-out. 

Type BK is similar to type B J, but is used with smaller-type dynamos. 
It is fitted with only two bobbins and armatures, one each for the regulator 
and for the cut-out. 


Testing Combined Regulators and Cut-outs 

On every regulator will be found stamped the type nuniher in a 
conspicuous position. Tor example, BJ4-285, which indicates the 
voltage setting as well as the type. The last figure in the group symbol 
is decimal, with which a tolerance of plus \ volt is allowed. It will be 
seen that the voltage setting can be quickly derived, that in the example 
being 28-5-29*0 volts. The cut-out voltage is as a rule set between 
1-1-5 volts below the minimum regulator setting. 

When the voltage setting has been derived from the type formula, 
the regulator is tested on open circuit after the battery and load hav^e 
been disconnected in the same manner as described for the Bl and B2 
regulators. If, when tested, the setting does not fall within the i-volt 
tolerance allowed, adjustments should be made according to the following 
instructions (the letters referred to are those shown in Fig. 19) : 

(1) Slacken off screws (A) attaching the flat spirings to the frame, 

(2) Slacken off adjustable contacts (R). 

(3) Slacken off pressure-spring adjusting screws (U) and (D). 

(4) Press armature down on to core and hack against frame. It is 
essential that there is no air gap between core or frame. 

(5) Tighten screws [A). 

(6) Adjust contacts {B) so that the gaps between core and armature 
lies between 1 *2 and 1*4 mm., measured at the armature tip. 
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KEY EO Fia. 19. 

A . Armature fixing screws . 

B. Adjustable regulator con- 

tacts. 

C. Eegulator voltage setting 

screws. 

D. Eegulator voltage setting 

auxiliary screws. 

E. Adjustable main cut-out con - 

tacts. 

E, Adjustable auxiliary cut-out 
contacts. 

G. Cut-out voltage setting 
screws. 

II. Screws holding regulator 
fixed contacts. 

J. Main regulator frame. 

K. Eegulator coil. 

L. Eegulator armature. 
iT. Cut-out armature. 

A- Bobbin core. 

0. Cut-out armature regulating 
stop. 



KEY ro FIG. 21. 

A. Mainframe. 

B. Core. 

C. Bobbin. 

I). Armature. 

E. Moving contact strip . 

Jf. Spring support. 

0. Armature spring. 

H. Locking piece. 

J. Adjusting nub. 

J{. Terminal block. 

1. Terminal screw. 

Jlf Pixed contact strip. 

A. Backing shims. 

P. Bixing screws for contact 

strip . 

Q. Terminal screw. 


Fig. 19. — BJ ” REGULATOR AKD CUT-OUT 
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Electrical Setting 

(7) The req[xiired open- 
valtage setting is obtained 
hy the adjustment of screw 

[ 0 ), To raise the voltage, 
screw downwards; to lower, 
unscrew -upwards. The 
stop-screw (D) should then 
be adjusted until it touches 
the bronze armature spring 
and then screwed back one- 
and-a-half turns to leave a 
gap. The dynamo should 
be stopped and restarted 
several times, in order to 
make sure of the correct 
adjustment. It should be 
particularly noted that in the case of the B J regulator the two bobbins 
should be adjusted separately by disconnecting each dynamo field in 
turn and then finally balancing them as near as possible together with 
both dynamo fields connected. 

Cut-out Settings 

Settings are effected in a similar manner to the regulator setting, 
and it is permissible to remove the armature, if necessary, for contact 
cleaning. When the armature is replaced, or needs adjusting, the follow- 
ing operation should he carried out in sequence {see Tig. 19) : 

(1) Slacken off screws ( A) attaching flat spring to frame. 

(2) Slacken off, to separate, main contacts [E) and auxiliary^ con- 
tacts [F). 

(3) Insert feeler gauges 0*1 mm. thick between armature and frame. 

(4) Press armature down on to the core and back against feeler so 
that feeler is gripped firmly. 

(5) Tighten clamping screws ( .4). 

(6) Screw down main contact (E) until gap between the armature 
tip and core is 0*5 mm., when contacts are closed. 

(7) Set armature gap with contacts open to 1*4 mm. by bending the 
armature stop (0) gently or tapping lightly uith a screwdriver. 

(8) Adjust auxiliary contacts (F) to close when main contacts are 
still 0*2 mm. open. 

Adjust screw (G) so that armature operates at 1-1 -5 volts below mini- 
mum open-circuit regulator voltage. 

In the unlikely event of the contacts being found to be in a dirty 
condition, they should be cleaned with very line carborundum |)af)er and 
a chamois leather dipped in 95 per cent, xmre ethyl alcohol. 



22.— TypicaIi C.A.V. cut-out, type 
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Regulator Type BG 

A small combined regulator and cut-out known as type BG is used 
for the C.A.V. 4f-ia. dynamo type D45D. This regulator is screwed 
direct to the dynamo yoke, and is not fitted in an external control board 
as customary with the larger dynamos. 

Take care to avoid confusion with the old type F regulator fitted 
to dynamo types D45B and C, because externally both the F and BG- 
bear a close resemblance. Internal construction, however, is very dijSfer- 
ent, and it is not possible to use the BG-t5^e regulator on a D45B or C 
dynamo, nor is it possible to use the E regulator on dynamo type D45D. 

The minimum voltage-setting figure is obtained from the type symbol 
in a manner similar to that described for the FJ and BK regulators, the 
tolerance in the case of the BG being plus 0*5 and 0-2 volt for the 12-volt 
and 6-volt macHnes.respectively. Cut-out voltage is set at 1 *5 to 4 volts 
below the minimum regulator setting for 12-volt I)45D dynamos, and 
1 to 2*5 volts down for 6-volt machines. 

Electrical settings should be carried out with the dynamo running 
at approximately 1,000 r.p.m. 

Cut-out Mechanical Setting 

(1) Slacken off screws [A A) attaching flat springs to the armature 
frame {see Fig. 20). 

(2) Insert 0-25-nim. feeler between the armature and frame. 

(3) Press down the armature on to core and back against feeler so 
that the feeler is gripped jdrmly. 

(4) Tighten screws [A A) holding the flat spring. 

(5) Set air gap between armature tip and core from 0*9 to 0-95 mm. 
when contacts are open. This can he adjusted by hending strip (AB) . 

(6) Set contact gap from 0-3 to 0*35 mm. when contacts are open, by 
bending contact strip. 

Cut-Dut Electrical Setting 

This is carried out hy bending the brass strip (AC), which is in 
contact with the cut-out auxiliary spring. 

Regulator Mechanical Setting 

(1) Slacken off screws (AD) attaching armature flat spring to frame. 

(2) Insert a feeler 0-15 mm. thick between armature and frame. 

(3) Press down armature on to core and back against feeler so that the 
feeler is firmly gripped. 

(4) Tighten screws (AD) attaching armature to frame. 

(5) Set air gap betw^een armature tip and core from 0*6 to 0-65 mm. 
when the contacts are closed. This adjustment can he made by bending 
the fixed contact bracket (AE). 
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Regulator Electrical Setting 

This is adjusted by the control screw (AF), which sets upon the 
auxiliary spring. 

Separate Unit Cut-outs 

The cut-out is a Yery necessary part of the electrical equipment, in 
order to preYent the battery discharging through the dynamo when the 
dynamo is at rest, or when the speed of the dynamo is too low to generate 
a sufficient pressure to OYercome that of the battery. 

The contacts of the cut-out are open when the dynamo is at rest or 
running at a low speed, so that the direct connection betw^een the dynamo 
and battery is broken. 

As the dynamo speeds up and eventually reaches the cutting-in 
voltage of the cut-out, the windings of the cut-out magnetic core are suflGl- 
ciently energised to attract the steel armature and close the contacts. 
The connection between the dynamo and battery is, therefore, completed 
and will remain so until the dynamo speed falls below cutting-out speed 
and the contacts reopen. 

Cut-outs — Types 4 and 4G 

This cut-out is fitted with a laminated main contact together with 
auxiliary carbon contacts, the latter being arranged to make before, and 
break after, the main contacts. 

The moYing armature hinge-pin should be lubricated occasionally 
with thin machine oil. 

Contact faces should be kept clean with yery fine carborundum paper 
or a fine file, care being taken to keep the faces perfectly flat and square 
with each other. Emery or coarse grit should not be used for this 
operation. 

Replace the contacts, if the laminations are burnt so that they will 
not spread or their faces are badly pitted. 

Do not alter the tension of the armature spring. 

Cut-out — Type No. 7 

This is a heayy-diity unit fitted with a large laminated moving 
contact. 

Maintenance details are the same as given for types Nos. 4 and 4G. 
The position of the stop-screw^ should not be altered. 

Cut-out— Types DR, DRl, and DWO 

All these types are similar in construction, the essential differences 
being only as follows : 

Type BR — Terminals marked 5 A.l insulated return . 

Type DRl — Terminals marked 5 A.l insulated return for use with 
DTLR and DBLN dynamos. 
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Tj’pe DWO — Tenninals uiaTked 5 A.l insulated return, diagram 
marked in cover. 

Adjustment of Cut-outs 

A1 cut-outs dispatched from the factory have been thoroughly tested 
and adjusted to work in conjunction with their respective dynamos. 
After considerable use it may be necessary to readjust the cut-out to the 
following particulars {see also Fig. 21) : 

Contact air gap ; •020--025 in. (-5- -63 mm.). Adjustment is possible 
by carefully bending the moving contact strip arms. 

Air gap between the core and armature with the contacts closed : 
•010—015 in. (-25—38 mm.). Adjustment is effected by removing one 
or more packing shims {N) clamped between the core and frame. In 
order to do this it is necessary to first remove the armature (D) and fixed 
contact strip (ilf) with the terminal block (X), after having extracted 
the fixing and terminal screws (L) (F) (Q). The core, with its bohhin, 
can then he easily taken from the frame, after removing the fixing nut 
and washer {B). 

The reverse current should not exceed 2 amps, on the 6-volt, and 
3 amps, on the 12-volt cut-out. 

By turning the nut (J), the voltage at which the cut-out operates 
can be adjusted to suit the dynamo it is to work in conjunction with. 

Setting for 6- volt machines should be 6-6-7-0 volts. 

Setting for 12 -volt machines should be 12 -2 5-1 2 -75 volts. 

After having made the necessary adjustments, care should be taken 
that the nut (J) is firmly in position against the curl of the soldering tag, 
in order to prevent it from turning due to any exterior vibration. 

Maintenance of Cut-outs 

The contact points should be periodically examined for corrosion or 
dirt. They may be cleaned with spirit or very fine carborundum paper, 
but do not use a file or any form of coarse grit. 

If the contacts are in a brunt or pitted condition they should be 
replaced. To replace them it is necessary to remove the whole contact 
strip as, owing to the size of the contacts, they are supplied already 
riveted to the strip. The contact strips can be removed by extracting 
the respective fixing screws (P) or (Q). Take care to replace the 
insulating pieces and bushes in their correct positions. 

The bobbin windings should on no account be touched. If any 
fault is located or suspected, the cut-out should be returned to the 
manufacturers to be rewound or repaired. 



JACKALL JACKING SYSTEM 

MAINTENANCE AND SERYICE 

By DENYS H. SESSIONS 

O P tke several types of jaclv and jacldiig system fitted both as 
standard and as optional equipment to the car of to-day, it may 
generally be said that in the event of trouble the simplest and 
wisest course for the repairman is to return the faulty unit under the 
respective manufacturer’s scheme for advance service. This is not so, 
however, in the case of the Jackah inbuilt jacking system, and the follow- 
ing remarks are intended to serve as a guide to the repairman who is 
presented with the problem of a quick cure and who receives little more 
by way of assistance from the customer than the somewhat vague state- 
ment : My jacks won’t work ! ” 

TJhe System Explained 

In the first place an understanding of the system is essential . Operated 
on the hydraulic principle, the Jackall system consists of three main 
components : the Pluid reservoir, the Distributor and Pump, and the 
jacks. Connecting these there is a system of piping, and by virtue of 
the fact that part of the system is mounted on the frame and coachwork 
and part on the asles, some form of flexible connection must form a part 
of the piping arrangements. 

Operation of the pump by means of the operating handle has t lie effect 
of transferring fluid from the fluid reservoir to the jacks under pressure. 
The jacks are thereby extended, and being rigidly attached to the car 
axles they have the effect of lifting the car upwards until the full extent 
of their travel is reached. 

By means of the distributor it is possible to transfer fluid to all the 
jacks or to only front or rear, as may be desired. 

To lower the car it is necessary only to open a release valve whicli 
allows the fluid to escape from the jacks back into the fluid reservoir. 
When the weight of the car is off the jacks these continue to retract owing 
to the internal return springs fitted. 

Operation 

To ojicrate the Jackall system, it is necessary first to procure the 
handle, which may be clipped to the bulkhead beneath tlie bonnet, 
under the fascia, or in the tool-box. The pump and distributor unit may 

M.B.o. IN, — 30 4(35 
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Te fitted under the bonnet or, aw 
in most cases, under the floorboards 
beneath or in front of the passenger’s 
seat, in which event the floor covering 
should be rolled back to expose the 
trapdoor covering the unit. The 
handle should be applied to the 
spigot identified with a D on Pig. 2, 
and worked to and fro. Before 
the pump is effective, however, it 
is necessary first to close the release 
valve by screwing down the hakehte 
knob (P) and to select front,’"" 
“ rear,” or all ” jacks by moving 
the selector (Q) to the required 
position. 

The operator will know that the 
respective valves are closed correctly 
as soon as he starts to oscillate the 
pump handle. If everything is cor- 
rectly set, a slight resistance will he 
felt on the hanche, which will slightly 
increase as the jacks make contact 
with the groimd, and a very greatly 
increased resistance will be felt when 
full extension of the jacks has been 
reached. 

At this stage, of course, there 
is no further object in continuing 
to pump, but a pressure-relief valve 
is incorporated in the system so that 
no harm can result if the operator 
should for any reason endeavour to 
continue pumpingafterthisstage . To 
lower the car, it is necessary only to 
unscrew the bakelite release-valve 
knob (P) one complete turn, when 
the car will drop to the ground and 
the jacks will automatically return 
into their housings. The suddenness with which the car is lowered depends, 
of coiuse, on the sudden or gradual unscrewing of the release valve. 



i'ig. 1 .—Section thuough the jack 
Jacking Systems, ltd.) 


Important 

When the system is out of use make sure that the release valve is open 
(i.e. unscrewed in an anti-clockwise direction at least one turn). When 
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topping up ” the fluid reservoix make sure that all the jacks are fully 
retracted, and fill up only to the mark on the reservoir. 

Use only Jackall Fluid 

This is imperative, as almost any other fluid will have disastrous 
effects on the rubber parts of the system and a complete strip down will 
be necessary. In addition, the use of any other fluid automatically 
cancels the manufacturer’s guarantee. 

If it is desired to leave the car for some while with the weight off the 
tyres, it is advisable to jack up and then lower the axles on to suitable 
props (one or two bricks will do). Do not leave the car jacked up longer 
than is necessary, as the pipe lines and joints are subject to considerable 
pressure when the system is in use. 

Einally, make sure that the system is operated at least once a month. 
This will ensure that the fluid is kept in good condition and the parts well 
lubricated. No further attention should be required other than an 
occasional top up with Jackall fluid. 

The ristributor and Pump Unit 

The distributor and pump unit (see Fig. 2) consists of a special- 
alloy casting in which a double-acting plunger (A) oscillates in the 
cylinder (Al) and is ^ground to a perfect fit. It should be noted that 
no packing is used on the plunger. At the extremity of each cylinder 
there is a cylinder end cap (B) sealed with a copper w^asher ( J5l). A forged 
crank lever (C), which drives the plunger to and fro, is fitted with a lever 
(D) on to which the operating handle fits. This lever is keyed on to the 
crank spindle by a special cliroine-nickel steel cotter, and it should be 
borne in mind that replacement of this part with an ordinary cycle cotter 
is not satisfactor^L 

Oscillation of the pump plunger alternately uncovers the ports (B), 
through Avhich fluid is sucked from the supply tank, and sends it under 
pressure through the delivery ports. 

It will be noted that w^here low-pressure leakage is possible, i.e. along 
the crank-lever bearing, an effective seal is made with a moulded com- 
position gland (D2). There is no possibihty of failure on the inlet side of 
the pump, provided the ports are not clogged, as there are no spring- 
loaded or other type of valves to cause trouble. 

The delivery valves are simply balls (Fl) controlled by square -sect ion 
gravity weights (F), which also serve to limit the travel of the ball to 
lb- bi. ^ 

After passing the delivery valves the fluid enters the passage ( Gr), and 
into this passage the pressure -relief valve ( K) is introduced. As will be 
seen, this takes the form of a spring-loaded F.-in. ball which is auto- 
matically set at the correct pressure, provided the screw (A^l) is tightened 
securely, and of course conies into use only if excess pressure is generated 
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Fig. 3. — Junction boxes 


in the pump. The fluid passes through the master check valve (Jl) into 
the chamber (J). This valve is provided to ensure no return of fluid to 
the pump, and relieves the delivery valves and safety valve of any duty 
other than their normal function. 

A filter is provided in the hack -cover plate, and the fluid passes 
through this at each operation. 

In the base of the chamber (J) there are three openings, two of vhieh 
(L) serve the front and rear jacks, the third {M) providing a return for 
the fluid after use. 

The top of the clianiher (/) is sealed by a moulded inibber bucket 
valve through which pass three valve spindles, the conical ends of which 
serve to close the three ports in the base of the chamber. 

The centre valve ( A2), which controls the return of fluid through the 
unit, is screwed down by turning the hakelite release knob (P) which is 
moulded on to the spindle. The other two valves, [0) and (A^l), con- 
trolling flow to the jacks, are depressed by the selector {Q), the underside 
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of whioh. acts as a cam. Thus by turning tie selector to the desired 
position the ti\^o valres (0) and ( Yl) are pushed down or allowed to rise, 
as the case may he. 

It will he appreciated that before operation the release valve must be 
closed, otherwise the fluid would simply circulate along the line of least 
resistance, back to the reservoir. 

To prevent turning of the release valve 'when in the open position, a 
light coil spring is inserted beneath the hakelite knob (P). 

The Jacks 

Each jack is composed of an inner and outer steel tube (Al) and ( M2). 
The outer unit is domed at one end to form a cap throngh which there 
is a hole for the spring anchorage, and threaded externally at the other 
end to take the gland housing (Fig. 1) . 

The inner tube is bulged at one end to form a bearing in the outer 
tube, and threaded internally to take the foot at the other end. Inside 
the inner tube there is a very strong coil spring, anchored at one end to 
the foot and at the other to the top anchorage, which is attached to the 
outer tube. Thus it will be seen that the spring tends to keep the inner 
tube retracted into the outer tube. 

To extend the jack, fluid is forced through the top elbow fitting into 
the spring compartment, thereby causing the inner tube to move outwards. 

In the gland housing which is fitted to the end of the outer tube there 
is a moulded rubber bucket so designed as to prevent any leakage of fluid 
•vvdiatever dowm the outside of the inner tube. 

Special Flexible Unions 

Where it is necessary to convey fluid from the pump or the frame to 
the jacks on the car's axles there has to be provided some form of flexible 
coupling. 

For this purpose steel pipes are used in place of the normal copper 
piping, and at each end these are connected to special unions {see Eig. 3). 
On the frame a single outlet union is used, and on the axle a double -outlet 
union caters for the distribution of fluid to both jacks. 

These unions consist of die-cast housings (1) and (2), into which a pipe 
is fitted with a special hush (3) so shaped as to be gripped by a moulded 
rubber bucket washer (4), which is so designed that the pressure of the 
fluid serves to increase the effectiveness of the seal. The thrust is taken 
hy a loose washer (5). On the outer end of each joint there is a rubber cap 
to prevent ingress of dirt or moisture. 

Pipe Connections 

There are two types of connection used in the pipe hne, these being 
of the external- and internal-sleeve t^^pe. 

In the case of the flexible unions it w’^ill be seen from the illustration 
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DIAGNOSIS AND TREATMENT OF FAULTS 
Pl’mp 

Fanlts Diagnosis Treatment 


(1) Pump not 

operate 


ISfo fluid in reservoir. 
Loose cotter pin, blow- 
hole in casting, broken 
safety-valve spring, re- 
lease valve not seating, 
airlock, vent holes in 
reservoir cap choked. 


(2) Works on. one 
cylinder only 


Travel of operating handle 
restricted on one side. 


(3) Will not retain 
pressure 


Defective casting, faulty 
master-check valve, 
faulty release valve or 
valve seat, external 
leakage in system 


( 4) Will not lower car 
vrhen release is oper- 
ated 


Foreign matter in release- 
valve duct, release valve 
faxilty 


(5) Jacks return very Operating pins (X'2) too 
slowly when release tight in cap 
is fully open 


To ensure there is no airlock, slacken 
off either valve cap (F2) or (F3) 
above delivery valve three or four 
turns, operate pump for at least 
60 secs. If no fluid appears, pomp 
must be dismantled and trouble 
located. 

In order to allow fluid to enter 
cylinder it is essential that a full 
stroke be given to the pump in each 
direction. It sometimes happens 
that an adjustable seat, fi^^ed too 
far forward, or other obstruction, 
fouls the handle and prevents this. 

Dismantle distributor box, carefully 
examine all valve seats and valves, 
remov'ing master valve, retaining 
ring, and valve (K), If no defect 
is apparent and there is no external 
leak, casting is faulty and should 
b© replaced. 

First of all lower car by unscrewing 
joints (R) or (i?l) three or four 
turns, allowing sufficient fluid to 
escape so as to enable the jacks to 
return to a fully closed position. 
Under no circumstances must 
screws {S) on indicator plate be 
interfered with until the jacks have 
returned fully home. Kemove in- 
dicator plate, remove valve imit, 
fit new valve unit, and reassemble. 
If trouble persists, pump should be 
removed, dismantled, and tho- 
roughly cleaned. Care must be 
taken that all passages and ducts 
are free. 

To reset indicator (0) adjust nuts 
(Ol) and (2) until the pointer is 
able to move 20"^ freely on each side 
of the “ all ” position and a slight 
resistance felt when the pointer is 
turned to (F) or (7?) . The indicator 
should be set so that little effort 
is required to move it to any desired 
position. 

Usually caused by corrosion. Ue- 
inove indicator plate, remove pins, 
clean and oil thoroughly with 
castor oil, and replace. 
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DIAGNOSIS AND TREATMENT OF FADLTS— (conft'mci) 


FauU.s 


(6) Works on one side 
of indicator bat not 
on other, or ‘ ' All ’ ’ 
position 

( 7 ) Leaks at indicator 
plate 


(8) Leaks under pres - 


(9) Leaks slo'vr drip 


Fault. <t 


(1) Leak at hydraulic 
joints 


(2) Leaky pipe 


Pump 


Diagnosi s 


Treatment 


Defective easting or one 
faulty valve 


Defective casting or 
faulty valve bucket. 


Cylinder-end cap (B) or 
other caps loose (Fi), 
{FS). - ' 


Cover-plate scre-ws loose, 
or faulty gasket 


Kemove valve bucket {N) and ex- 
amine valve seats and valves care- 
fully. Replace bucket if necessary. 
If fault persists, casting is faulty. 

Remove valve bucket {N), examine 
for puncture, replace bucket if 
necessary. If fault persists, cast- 
ing is faulty. 

Without removing unit from chassis, 
go over all plugs with spanner to 
ensure tightness, wipe box tho- 
roughly. If leak persists, a new 
copper washer -will probably effect 
a cure, wipe thoroughly, then 
operate all four jacks, pumping ten 
or twelve strokes against safety 
valve, then, examine the various 
plugs. 

Remove unit from chassis and tighten 
screws thoroughly, do not disturb 
cover plate unless absolutely neces- 
sary. If cover plate is removed, a 
new washer must be used, all faces 
thoroughly cleaned, and Seccotine, 
Croid, or similar adhesive used on 
both sides of washer. 


Flexible Hydeaulic Coupling 


Diagnosis 


Treatment 


Plug on double outlet Tighten plug, ft new copper washer 
loose, or faulty copper if necessary, examine rubber bucket, 
washer, fault in casting, If leak appears through rubber dust 
faidty rubber buckets, cap, brazing is faulty, 
faidty brazing 

Split or damaged extern- Must be replaced by pipe, complete 
ally with end bushes, cover plate, and 

rubber dust cap. 
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DIAGNOSIS AISTD TREATMENT OF FAULTS— (con?;n«frf) 

Jacks 


Faults Diagnosis Treatment 

(1) Failing to return If either pair or all jacks Femove jack, first turning indicator 

after use fail to return, fault is on distributor box to opposite side. 

due to defective valve G-rip in vice (using shaped hard- 
in distributor box or wood blocks), remove elbow. Re- 
choked pipe. If one move bottom cap ; ram can then 

jack fails to return, be ^withdrawn. Remove spring 

broken spring, bent or anchor pin, grip ram in vice (again 

distorted ram using shaped blocks), remove foot 

to which spring is attached. Cheek 
ram for straightness or distortion, 
check spring. "When, reassembling, 
new copper washers should be used. 

(2) Leak at foot Faulty copper washer or Remove jack. Without dismantling, 

foot loose ram can be pulled out and gripped 

in shaped blocks for retightening. 

(3) Leaks at screwed Faulty copper washer or Remove jack, grip in blocks, retighten 

part of bottom cap loos© if leak persists, jack should be 

dismantled and new copper washer 
fitted. Great care must he taken 
to prevent cap being distorted by 
undue force when reassembling. 

(4) Leak at elbow Elbow loose or faulty cop- Without removing jack from bracket, 

per washer remove union nut, remove elbow 

and examine copper washer and 
replace if necessary, ease off bracket 
to enable elbow to he turned into 
line with pipe, and retighten. 

(5) Leak past gland Faulty rubber bucket. Dismantle jack, prise out bucket wuth 

Rottom cap damaged blunt tool, examine for faults, 

01 ' distorted, swarf ” examine inside of annular groove 

or other foreign matter for dents or distortion. Bucket 

lodged between bucket housing or bucket to be changed if 

and ram distorted or faulty in any way. 

that the deliyery ends have a conical face and are threaded externally. 
In this type of connection the copper pipe must he belled out to go over 
the conical face and the external sleeve then tightens the copper on to its 
seating. 

The internal type of sleeve as used elsewhere in the system and illus- 
trated in Fig. 1 against letter (7?) employs an olive " to grip the pipe. 
When the sleeve is tightened into its housing the olive (a brass ring 
with double conical face) bites into the copiper pipe and effects a pierfeet 
seal. 

Both types of joint may be used many times without renewing. 
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DISMANTLING 

Distributor and Pump Unit 

If the unit is to be remoyed, disconnect supply pipe from tank and 
plug or drain into suitable receptacle. See that jacks are fully retracted. 

The yalye bucket (01) may he removed without loss of fluid, but take 
care to cover valve clianiber so as to prevent entry of dirt. 

Carefully filter all fluid reintroduced into tie supply tank. 

After assembly the system may be bled ’’ by slacking off one of the 
jack connections until fluid is forced through. 

Jacks 

See that jacks are fully retracted and selector pointing to opposite 
pair of jacks. 

Plug pipe ends to prevent entry of dirt. Do not wash jacks with 
petrol or bring into contact with mineral oil. Methylated spirits may he 
used for cleaning, after which moving parts should be smeared with 
JTackall fluid. 



REPAIRING LUCAS HORNS 

By E. T. LAWSOE HELME 

E LiECTRICALiLY-OPEIRATED hiariis fitted to road Tehicles may be 
classed in two groups, tke largest of which includes all those hawing 
a thin metallic diaphragm as the sound -producing element. The 
remainder are reed-operated, air pressure being maintained by an elec- 
trical compressor. 

Among the diaphragm horns, the original low-frequency pattern is 
now obsolete and seldom encountered, but the high-frequency design is 
almost universally employed. The ruling principle of this type is the 
rigid coupling of the diaphragm and magnet plate, or armature, and this, 
in conjunction with the contact-breaher setting, enables the characteristic 
penetrating note to be produced. Tig. 1 illustrates the operating prin- 
ciples of a high-frequency horn. 


/MXJUSTING 

SCREW INSULATED 



Fig. 1. — iLLx^STjRArmG PRurcrPLES oi' hkjh-fheqvency hob:n 
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Construction and Operation of High-frequency Horn 

The hollo\red iron core, on which the coil is fitted, is, along with the 
iron armature, of laminated construction. Thin stampings of the 
required shape are assembled by riveting together in packs, while a film 
of insulating varnish between adjacent stampings insulates surface 
contact. Eddy currents generated in the iron are thus reduced to a 
minimum, and heat losses which might result therefrom are reduced 
accordingly. The magnetic lag which would result from the use of a 
solid iron construction is largely ebminated, and the rapid rise and col- 
lapse of flux, essential to correct functioning, is greatly facilitated hy this 
method- 

The Diaphragm 

The diaphragm is a specially heat-treated and tempered steel pressing, 
its edge being clamped between the body and rim of the horn hy screws. 
Paper gaskets on each side ensure a degree of elasticity in mounting. 

The centre of the diaphragm has a screwed boss to which the driving 
rod is secured. A slotted conical nut, with locknut, is fitted to some 
models for adjusting the position or relative length of the rod. The rod 
passes through the hollowed core and is rigidly secured to the armature, 
w’hich is suspended by a light flat spring, so that a small air gap separates 
its inner surface from the surface of the core. 

A contact-breaker, comprising a spring blade with contact tip bearing 
against the fixed contact tip in the bracket, is fixed so that a striker bends 
the blade and separates the contacts wLen the magnet assembly is 
energised by the solenoid and attracts the armature towards it. The 
speed at wdiich the moving section, including armature, driving rod, and 
diaphragm, vibrate is governed by the natural frequency of the diaphragm 
according to its diameter, thickness, and flexibility. 

A circular plate fitted outside the diaphragm, and free to move with it, 
also exerts a considerable influence on frequency. Known as a piston 
plate,’’ this disc acts as a buffer or frequency stabiliser in that it meets 
a cushion of air on each inward and outwurd stroke. Its mass introduces 
a certain inertia which is further instrumental in this respect. Electrical 
characteristics are improved and sparking reduced by the damping effect 
of a resistance winding or condenser connected across contacts. 

The contact-breaker and winding are in series, and must be fully 
insulated from the horn body and from each other. 

Air-gap Adjustment 

Two adjustments are incorporated. One is the air-gap or length of 
driving rod, usually effected by a screw in the diaphragm boss. This is 
set by the makers to allow the maximum efficient amplitude of vibration 
with a minimum air-gap and should not be disturbed. 
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MELLOTONE 



Contact-gap Adjustment 

Tlie second is the contnct-gap, or rather, the degree of iiivaid move- 
ment of armature tovards core before contacts separate. In. Lucas 
Model H.P. 722, Altette, and similar horns, an evterior serew-liead v'ith 
locking serrations is provided for altering this adjustment, the best 
position being found hj trial. 

Cracked Diaphragm 

If the horn vdll not respond to adjustment and gives only a reedy or 
rattling note at best, the diapliragm may be cradced. 


Shorted Contacts and Earthed Winding 

A single ** clack on making contact indicates armature strik- 
ing magnet-pole face, and if this is not corrected by turning the screw 
clockwise, the probable cause is shorted contacts or earthed winding. 

Open Circuit in the Horn 

Open circuit in the horn may be due to faulty adjustment, or to a 
break in. winding or terminal connections. 
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3, — Cercuits 01’ Mellotojte belay box 



Mounting the Horn 

The note of a high-frequency horn is inflneaced to some degree by the 
mounting bracket. Various designs are in use, including leaf-spring 
attachment, rubber hushing, or suspension, and solid two -point attach- 
ment. The bracket should be securely fixed, and the horn Tbody must not 
bear against surrounding metal or cables. The latter should haye 
enough free length to allow a certain amount of body moyement without 
tension. 

Wind-tone Horn 

A modern deyelopment of high-frequency practice is the wind-tone 
horn, in which diaphragm movement is tuned to correspond to the 
natural frequency of the air column in the trumpet. When correctly 
adjusted, the note approximates to that of an efficient reed horn, the air 
yibration being directly generated by the diaphragm. Construction is 
largely similar in design, but adjustment is critical and must be carefully 
executed. 

Twin-horn Sets 

In both Mellotone and Post Horn sets, a pair of specially tuned horns, 
producing harmonic note combinations, is operated, through a relay 
switch in the case of the Mellotone, and direct via push in the Post Horn 
set. The horn mechanism is enclosed by a dome, secured by a central 
screw, removal of which gives access to contact-breaker and adjustment. 

The Mellotone Horn Set 

In the Mellotone horn set the choice of a loud or soft tone is provided 
by the relay unit and two-way switch or button. Pig. 2 is a circuit 
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diagram of the Mellotane layout. Two relay solenoids are fitted on a 
moulded base, together with terminals and fuse. When the button or 
switch-button combination is closed in loud ” position, the operating 
solenoid is energised and contacts meet, when full- voltage is applied to 
the horns. The resistance solenoid, contacts of which remain closed, is 
not energised, and its contacts bridge the resistance. When the circuit 
is closed in soft ” position, both solenoids operate, the operating unit 
closing main circuit to horns, while the resistance unit opens its contacts 
and, the resistance then being in circuit, voltage on horns is reduced and 
a soft note results. Each solenoid carries two windings, one pair supple- 
menting and the other pair opposing each other. 

Tig. 3 shows the internal circuits of the Mellotone control box, and 
operation is as follows : 

When a circuit to earth is established from terminal (L), via push or 
switch-push combination, current flows from fuse to windings (2) and (4) 
in series, to terminal {L) and thence to earth. 

Both relays ( A) and (B) are momentarily energised, but immediately 
relay {A) closes, contacts (GA) meet, and current flows thence to wind- 
ing (3) and terminal {E) to earth. The flux of winding (3) opposes and 
cancels out the flux of winding (2), so that relay (B) remains closed. 
Current therefore passes from contacts (CA) to contacts (CB), via 
frame of relay (B) to terminal {H) and cables to horns, giving ‘‘ loud’" 
note. 

If the soft ” button is pressed, current flows from fuse to frame of 
relay (J.), winding (1), and (S) terminal to earth. Contacts (CA) 
close and current flows to winding (3) and terminal (B) — earth. Relay 
(B) is energised, contacts (CB) are drawn apart, when the resistance (B) 
is inserted in the feed circuit to the horns, producing a soft ” note. 

The design of wind-tone horns necessitates the provision of a trumpet 
of correct length and shape. The reason underlying this is that the 
natural frequency of the air column contained in the trumpet must cor- 
respond to that of the moving system, comprising diaphragm and arma- 
ture plate. The characteristic tone of the horn depends on this factor. 
In units of the post horn ” type, where a short flare is fitted, the neces- 
sary exponential column length is obtained by a spiral passage formed in 
the base. 

This method is applied in later type Mellotone sets, replacing earher 
designs with straight trumpets. 


SERVICE INFORMATION 

Horn Circuit 

Single horns and twin sets operated direct through the button may be 
connected to a fuse fed via ignition switch or fed direct from ammeter, 
according to the year and model of car. 
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Short to Earth 

The button is in the earth side of the circuit, so that a short to earth 
in any part of this section will result in constant horn sounding until fuse 
is withi'awn or ignition switched ojff. 

Blown Fuse 

A short in the feed section to the horn will blow the fuse. The cir- 
cuits of the horn itseK must be insulated from earth, as each terminal has 
the same effects in the case of a fault as the section to which it is connected. 
It is immaterial to which terminals the wires are connected, but insulation 
is important. 

Position of Horn 

Special attention is advisable where the horn occupies a position 
exposed to rain. When new horns with flares are to be fitted, the trum- 
pets should be horizontal or inchned slightly dowmwards so that w'ater 
cannot collect in them. 

Connections 

In some models the cable connections are made by small ferrules 
soldered to the cable ends and inserted into spring clips. The soldered 
joints in these ferrules should be checked, as also the joints made in any 
rubber-sleeved push-iii connectors in the wiring. 

Use of Horn Relay 

One of the main objects of the relay box is to shorten the main circuit 
to the horns and thereby avoid voltage drop. The button and wiring 
from relay box — including that passing through the steering column 
section — only carries the small relay winding current, the main circuit via 
the contacts being direct, ilellotone horns must not be wired other than 
through the proper control box, and it is advisable to fit a relay unit with 
any tw’in set unless this is definitely unnecessary, as in the case of horns 
with small current consumption. 

Adjusting Contact-breaker 

Adjustment of contact-breaker unit is usually provided for by a screw 
with locknut. It is essential to securely lock the screw, as vibration is 
liable to slacken it. A'ibration also affects brackets and mountings. 

AVlierever possible, only the brackets provided with the horns should 
be used in fitting, but if special mountings liaA^e to be made they should 
be amply rigid and sliould be designed to su])port the born against the 
vibrational stresses im])oscd in any one direction by the balance of weight. 
As mentioned earlier, the horn must be clear of obstructions or contact 
with the mass of the vehicle other than through the bracket. 
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This applies in particular to fitment under the bonnet, when contact 
with the bonnet when closed, or the niOYenient of the engine in rubber 
mountings, must be reckoned with. 

Electricall-y Operated Reed Horn 

The Lucas-Spartan Bugle-Chime horn is an interesting example of 
the electrically operated reed horn. A small motor drives a flying -vane 
air compressor, the air from which is fed via valves to three separate reed- 
diaphragm trumpets tuned to a musical chord. The motor also drives, 
through reduction gearing, a camshaft with three cams w^hich open the 
valves to the trumpets in sequence, resulting in a repeated bugle-call. A 
relay device ensures that the unit continues running until the call is com- 
pleted, even though the button is released prematurely. A tw^o-way switch 
is provided which operates a solenoid in addition to the motor, the solenoid, 
when energised, holding down all three valves so that a chord is sounded. 

Wiring up Additional Horn 

It should be remembered when fitting special or additional horns that 
it is unwise to disconnect the existing button in favour of a special button 
which may be necessary, as the driver will probably have formed a habit 
of unconsciously using the old button and will do so in emergency. It is 
usually practicable to wire a change-over switch through the existing 
button, or, where a new control — such as a Mellotone two-way button — 
is fitted, the old horn control should he left complete. 

Hints on Tracing Faults 

Amongst points worth noting in tracing faults in horns and circuits, 
the following should be observed : 

Loss of volts due to the resistance of oxidised push contacts, defective 
Avuring or connections, or a w’eak battery may be a misleading factor. 
Avoid disturbing the horn adjustment until proved necessary by a test 
ou an independent circuit. 

The best check on circuit conditions is to connect an accurate A^oltnieter 
to the horn terminals, noting the reading Avhen the horn is sounded. Com- 
plaints of a strident, ill- tuned note have been found to arise from the basic 
cause of a maladjusted regulator, which overcharged the battery and conse- 
quently boosted its voltage to an abnormal value . Modern H.F.-ty pe horns 
are sensitive to voltage variation, and a check on this is ahvays advisable. 

Twin horns, operated through a relay, should be wired direct from 
the battery terminal of the starter switch, or other convenient main 
terminal. Most relay units incori3orate a fuse, failing Avhich a separate 
fuse-holder should be fitted. 

Where twin horns are Avired direct to the battery voltage supply, it 
is adA^isable to see that auxiliary fuses are not overloaded. The liorns 
can he wired to separate auxiliary fuses in order to divide the additional 
load, using a common jaish-buttoii and return wiring, proAided that the 
twu fuses are supplied from a common battery point. 



COAL GAS AS SUBSTITUTE FOR 
PETROL 

By C. R. B. Smith 

C OAL gas was used fairly extensively during the last war, mainly 
on commercial vehicles and hackney-carriages. 

The method used was of the “ low-pressure ” variety, and con- 
sisted of a fabric envelope, usually carried on the roof of the vehicle, 
Avhich contained the gas. The main objections to this method are the 
offering of extra wind resistance by the large envelope on top of the 
vehicle and the limited operational radius of the gas which can be con- 
veniently carried. The former can, of course, be overcome by the usage 
of a trailer to carry the gas envelope, but the latter objection still remains. 

As a rough guide, approximately 12 cu. ft. of coal gas at between 450 
and 550 B.Th.U.s per cubic foot should be reckoned per mile. This, of 
course, being for, say, a 12-h.p. engine, and will vary accordingly. 

The other, and better method, is the usage of “high-pressure ” gas 
stored in steel cylinders, but this will be dealt with later on in this article. 

LOW-PRESSURE GAS SUPPLY 

Mixture Control 

In this case, a simple type of suction -operated valve can be used to 
control the gas supply, the flow of main air causing the valve to lift and 
admit gas. The mixture strength can be governed by using a taper 
needle, the taper characteristic controlling the mixture strength at any 
given throttle opening. 

An alternative system is to govern the mixture strength by means of 
an ah’ shutter or butterfly valve on the air intake. This mixing valve, 
when in a state of rest, cuts off the gas supply from the container. 

It is usually necessary to have a separate gas supply, viz. an adjust- 
able cock or tap for the slow-running system, as the volume of air used is 
not suttieieut to operate the main gas valve. This “ idling” orhy-pass 
gas supply can with advantage be led adjacent to tlie dashboard of the 
vehicle, so that the slow -miming supply can be regulated from the driving 
seat, and. of course, should be turned off when the engine is switched off. 

Feed from Gas Container 

The feed pipe from the gas container to the “ mixer ” should be kept 
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as large as possible, to ensure an immediate response in flow when occasion 
arises. 

By-pass Adjustment for Slow-running 

The by-pass adjustment for the slow running previously referred to 
should he marhed so that the correct adjustment can be immediately 
arrived at, or, better still, a master tap should be fitted in addition to the 
adjustment, so that the idling supply can be turned off without upsetting 
the final adjustment. 

Starting the Engine 

When starting the engine, after having opened the idling gas supply, 
the accelerator pedal should not he depressed in any way until the engine 
has fired, as this will lead to an over-rich mixture being admitted, which 
will retard starting. 

Proportion of Air to Coal Gas 

The correct proportion of air to coal gas for proper combustion is in 
the neighbourhood of seven volumes of air to one of coal gas for maximum 
power, and as lean as ten volumes of air to one of coal gas for maximum 
economy. 

Power Obtained on Coal Gas 

The power obtained on coal gas may vary between 60 and 80 per cent, 
of that obtained on petrol, varying with the individual engine design. 
Any “ hot-spots ” in the induction system, for instance, result in a lower 
volumetric efficiency, with a corresponding decrease in power. 

HIGH-PRESSURE GAS SUPPLY 

Mileage Obtainable 

"With this layout a much larger operational radius can be obtained, as 
the gas is stored in steel cydiiiders which can be charged to a j^ressiire of 
3,000 lb. per square inch, resulting in a large volume of gas being stored 
in a small space. The average size of cylinder charged at this pressure 
holds about 300 cu. ft. of gas, so that this means about 25 miles, roughly 
speaking. It will thus he seen that with eight of these cylinders stored 
either under the body, in the case of a lorry, or in a trailer on a private 
car, the mileage possible is appreciable. 

Pressure-reducing Valve 

A high-pressure reducing v^alve must be used, which breaks down the 
3,000 lb. per square inch to atmospheric, either in one or two stages, the 
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The Aivlax fxa.me thap 


volume flow teing, of course, coutroUed fcy engine suction. The reducing 
valve, in the case of one, or the final valve in the case of two, should he 
suction-operated, so that any leakage of gas is prevented when the engine 
is not running. 

Mixer for High-pressure Gas 

A representative type of mixer for high-pressure gas consists of a gas 
inlet from the reducing valve in which is situated a flame trap (this will 
he described later), and then via a plate orifice to slots in the choke tube. 
The gas then mixes with air passing through the choke tube, and the final 
volume of mixture is controlled hy a butterfly valve. The amount of gas 
passed to the slots in the choke is governed hy the plate orifice. 

Again, in the case of high-pressure gas, the slow-running arrangements 
are as for low-pressure gas, and consequently a hy-pass must be fixed up 
from the reducing valve to supply the idling mixture, as previously ex- 
plained. The necessary variations in mixture strength are obtained by 
combinations of choke tube and plate orifice, regulating air and gas supply 
respectively. 

Safeguarding against Fire Risk due to Blow-back Flame 

Reference has been made to the usage of a flame trap ’’ or flame 
arrester ’■ in the gas-supply line ; and this is to safeguard against Are 
risks due to blow-back flame. A well-known example of this is the Ainal 
flame trap, which consists of an alternate plain and crimped ribbon of thin 
metal wound from a central ])iii into a circular tra]:> ” of an\^ required 
diameter. This gives a unit which lias a depth of | in., and, due to the 
crimped formation, offers a large cooling area to a ffame attempting to 
pass through, in relation to its frontal area. As a result, the flame is 
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definitely damped out before reaching the other side of the trap, while 
at the same time resistance to air flow is negligible. 

The importance of incorporating one of these flame traps somewhere 
in the gas-supply pipe line will be appreciated. 

Fitting a Flame Trap 

When considering the fitting of a flame trap the required fiow of gas 
at full throttle should be known in cubic feet per hour ; then, if this 
figure is given to the ftame-txap manufacturers, they can supply a trap 
which will offer the minimum resistance to flow, with the maximum 
efficiency as a flame trap. 


ADJUSTING ENGINE FOR RUNNING ON COAL CAS 

Now a few words about possible engine adjustments to suit gas as a 
fuel. It would seem that in most cases a slight power increase can he 
obtained by somewhat increasing the compression ratio , although this to 
a large degree depends on the shape of the combustion head and must, 
therefore, be a question of trial and error. 

Advance Ignition Timing 

A beneficial effect is usually obtained by advancing the ignition timing 
over that used on the petrol setting. To facilitate this, in view of most 
modern cars being fitted with automatic ignition advance, it helps to fit 
up a hand- controlled ignition advance. The conversion is not difficult, 
being a slight modification to the distributor-head bracket, and the usage 
of a pusb-pull control of normal design. By this means the ignition tim- 
ing can be varied at will from the dashboard, and a lot of useful data can 
be obtained during initial tests. 

Decrease Spark Gaps 

It will be found that the spark-plug gaps can be materially decreased 
with advantage. As a matter of fact, on one particular test it was found 
that -OOS-in. gaps on a coil-ignition 12-h.p. car gave very excellent 
results, as regards both maximum power and doing away with a tendency 
to pop back at lower throttle openings. 

Tuning for Correct Mixture Strength 

It will be found during tuning tests that variation in mixture strength 
does not seem to have as noticeable an effect with gas as it does -with petrol 
fuel. Consequently, an exhaust-gas analysis tester saves a lot of time, 
and one of the well-known portable instruments, such as the Cambridge 
exhaust -gas tester, will show during running the COg content in the ex- 
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haiisfc gases. This should, of course, be kept as low as possible to obtain 
economical running. 

Driving for Economy 

While on the subject of economical running, it is as well to mention 
that a quite improved mileage can be obtained during a run by maintain- 
ing a fairly constant throttle opening and not “ jogghng ” the accelerator 
pedal, as is often done normally on petrol vehicles. Also, due to the 
initial acceleration not being so good as on petrol fuel, it is only a fuel 
waster to open the throttle fully when starting off or going through the 
gears. Attention to these two points will save gas to no small extent. 

Pressure of Gas 

Reverting back to the subject of low-pressure gas bags, it is as well to 
remember that a small increment of pressure from that of the normal gas 
mains, i.e. 6-in. water gauge to, say, 3 Ih. per square inch, does not result 
in a big increase in the volume of stored gas. Taking a fair-sized gas bag 
of 75 cu. ft. charged at 6-in. water gauge, this would increase in storage 
volume only approximately 20 per cent, when charged at 3 Ih. per square 
inch pressure. This would mean only about another 15 cu. ft, being 
carried, which would mean, perhaps, another 1-|- miles farther to run. 
So it will he appreciated why the storage pressure needs to be around 
the 3,000 lb. per square inch mark to give a reasonable range of operation. 

Fitting the Mixer 

In conclusion, the usual mixer is itted on the induction manifold in 
place of the petrol carburettor, w’hich is removed, but an alternative 
method could be used where the mixer is fitted to the air intake of the 
carburettor, thus leavhig the latter in situ for emergency use. The 
butterfly throttle valve of the petrol carburettor would have to be held 
open, and also the metering piston in the case of an S.U. carburettor. 

The fuel supply would have to be disconnected either by tap, or by 
removing the lead in the case of an electric pump. 

These few details would not he a long job, and in any case would no 
doubt warrant being done by virtue of giving an alternative method of 
carhurating the vehicle in the event of running out of gas or of mechanical 
trouble vith the pressure valves, although the latter have been proved to 
be most trustworthy and efficient in service. 



SYSTEMATIC BATTERY AND STARTER 

TESTING 

By S. G. MUNDY, A.M.I.E.E., A.M.r.A.E., M.I.M.T. 

I N making all electrical tests on the car it is necessary to carry out 
the work systematically, eliminating one possible fault after the other. 
This article describes an easy and systematic way of analysing the 
condition of the battery and starter. 

1. Specific Gravity and Battery Inspection 

Remote the battery vent plugs and measure the specific gravity of 
all cells, using a good syphon, hydrometer. All cells should show similar 
readings. 

A reading of 1*200 or less indicates that the hattery is low in charge ; 
readings from 1*200 to 1*230 indicate a normal battery condition, and 
readings of 1*280 or over indicate that the battery is fully charged, or 
possibly being overcharged. 

If the battery is old and has a low gravity reading, it may be approach- 
ing the end of its useful life, irrespective of charging rate ; this applies 
particularly under winter -driving conditions. 

If the electrolyte is low, fill with, distilled water to slightly above the 
level of the plates. When making a further specific-gravity test after the 
addition of distilled water, allow a short time to elapse for the water and 
acid to mix. 

If it is found that there is rapid evaporation of the electrolyte, this 
may be due to overcharging — check the charging rate. If it is found 
that the electrolyte is low in one cell only, check for a cracked case or a 
partially short-circuited cell. 

At the same time as the specific-gravity test is made, the battery 
should be carefully inspected. Use an inspection lamp if necessary. 
Carefully check the condition of the battery terminals and battery to]) 
for any evidence of electrolyte leaking around the posts or connections 
or through cracked sealing compound. Make certain that the battery is 
securely clamped in its carrier. If necessary, make a record of a ny unusual 
conditions found. 

2. Battery Open-circuit Voltage 

Connect a reliable moving-coil voltmeter across the battery terminals, 
or from a ‘"live” battery terminal to "‘earth,"’ and note the voltage 
reading. 


4S7 
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Tor the complete battery the readings should he : 

6~Folt battery . . . 6 to 6*6 Yolts. 

12-Tolt battery . . . 12 to 13*2 toEs. 

Readings of individual cells should be : 

Not less than 2 to 2-2 volts per cell. 

If the reading is at the rate of 1-8 and less than 2 volts per cell, it indicates 
that the battery is lo-vv and should be charged. A reading less than 
1-8 volts jier cell suggests that the battery probably needs repair or 
replacement. 

3. Testing Battery Voltage under Starter Load 

This is an important test, because it checks the condition of the 
battery and its ability to supply the current demand of the starter. The 
voltmeter connections are as for test No. 2, but it is convenient also to 
insert an ammeter between the starter and the battery. This can be 
done by removing the connection to the battery live ” terminal, 
connecting the cable to one ammeter terminal, and the remaining ammeter 
terminal to the “ live ’’-battery post. 

The starter switch should novr be operated, and the voltage reading 
noted on the voltmeter. If an ammeter has been connected, also note 
the ammeter reading. The voltage reading of the complete battery 
should not be less than /5 volts for a 6 -volt battery, and 9 to 10 volts 
for a 12-volt hattery . If the reading is lower, or if it drops away rapidly, 
the battery should be removed for inspection. 

The ammeter reading will show^ the current consumption. The value 
of current will depend upon the type, size, and voltage of the starter. It 
is not possible to give definite data of specific readings, as these vary 
according to circumstances, hut data are available from manufacturers 
which will give an approximate indication. A more accurate check of 
the starter condition can, however, be obtained from a lock torque test, 
described later. 

4, Checking Battery Cables and Connections 

Troubles are frequently due to loose, dirty, or corroded connections 
or faulty battery cables. First, check for corroded or loose connections 
at the battery terminals, including the battery earth connection. At 
the same time check the cable which connects tlie engine to the chassis 
on 1 ‘ubber -mounted engines. Also inspect battery sealing compound, 
see that the ventilation holes in filler plugs are clear, that plug washers 
are fitted, and the top of the battery is dry. 

The hattery can be cleaned if necessary with soda or ammonia, 
Vaseline ” being applied to the connections, wdiich, if required, should 
be r€-jna.rked for polarity with red and black anti -sulphuric enamel, 
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Haw to Check the Battery Cables and Connections 

If required, the battery cables and connections can be checked with 
a voltmeter, as fallows : 

(a) Connect one voltmeter lead to the large starter terminal, and the 
other voltmeter lead to a cylinder -head nnt. The voltage reading should 
be 6 volts or 12 volts or higher. With the starter operating, the minimum 
reading should be approximately 3-6 volts for a 6-volt system, or 7-2 volts 
for a 12-volt system. If the readings are above these figures and the 
battery terminals are clean and in good condition, no further cheek should 
be necessary. If, however, the voltmeter readings are below the above 
figures, a further check should be made, as follows : 

A Check for High-resistance Connection 

(b) Connect one voltmeter lead to the large starter terminal and the 
other voltmeter lead to the ‘"live” battery post, i.e. the battery post 
which is not earthed. Operate the starter and cheek the voltage reading, 
which should not be less than 0-4 volt for a 6-volt system, or 0-2 volt for 
a 12 -volt system. If the voltmeter reading is higher, this indicates that 
the startex-to-battery cable is too small, or that there is a high-resistance 
connection. 

Checking the Battery Earthing Connection 

(c) The battery earth connection often causes considerable trouble, 
and if the previous battery tests have not shown a satisfactory condition 
the earth cable should be checked, as follows : 

Connect one voltmeter lead to the starter frame and the other volt- 
meter lead to the “live” battery post. Operate the starter with the 
engine in gear ; the voltage readings should be less than 0-4 volt for a 
6-volt system, or 0*2 volt for a 12- volt system. If the readings are 
higher than these figures, check for corrosion or hard oxide coating on 
the lead surface of the battery terminals or connectors ; also check for 
rust or paint or a loose connection at the battery cable earthing terminal. 
The trouble is sometimes due to undersized battery earth replacement 
cables which may have been fitted, and if the trouble is elusive this point 
should be checked. 

Is the Size of Earthing Cable Sufficient ? 

Method of checking the size of the earthing cable is as follows : 

(1) Connect one voltmeter lead to the battery post which is earthed, 
and the other voltmeter lead to the battery earth connector. Operate 
the starter, when the full ammeter reading should be less than 0-4 volts 
fora 6-volt system, or 0-2 volt for a 12-volt system. 

(2) Move the voltmeter lead from the battery earth connection, and, 
using a prod, insert into the earth cable. 
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Repeat the above test with starter operating, when the voltage reading 
should be as above. 

(3) Move the voltmeter test lead to the clamping bolt at the battery 
earth connection and repeat the test, when the readings should be as 
above. 

(4) Finally, move the test lead to the car frame and again repeat the 
test. The same readings should he obtained. 

The foregoing tests carried out systematically represent an exhaustive 
analysis of the condition of the battery on the car. Further tests may 
be required in the case of batteries removed, and these tests may, in the 
case of elusive troubles, include a cadmium test. Full information of 
cadmium testing is given in a subsequent article. 

5. Testing Starter 

The most satisfactory method of testing starters on the car is to carry 
out two standard tests, namely, a free cranking test and a lock torque test. 

Before making either of these tests, however, remove the cover band 
of the starter, see that all the brushes are in good condition, that the spring 
tension is correct, commutator is clean and bright, and that there is no 
evidence of under- or over-luhri cation, or any excess of copper dust or 
accumulation of dirt. 

6. Starter Free Cranking Test 

Connect one voltmeter test lead to the starter terminal and the other 
voltmeter lead to a cyhnder-head nut. The voltage reading should he 
not less than 6 volts or 12 volts. With the gear lever in neutral and the 
ignition switch off, operate the starter. With normal specific gravity 
the readings should not he less than 4*5 volts for a 6-volt system, or 
9 volts for a 12-volt system, providing the engine is warm, in good condi- 
tion, and the oil is of the correct grade. The engine should turn at about 
150 r.p.ni. 

7. Starter Lock Torque Test 

This test is advisable if a further check of starter or battery is required. 
The gear lever should he in the top-gear position. Operate the starter 
momentarily with ignition switch off, and note the voltage with the 
starter tnrning. This should be not less than 3-5-4 volts for a 6-volt 
battery, or 7-8 volts for a 12- volt battery. The current consumption 
should be measured by connecting an ammeter in series between the 
starter and battery, as previously described, but if the voltage reading is 
below the above figures the cells should be individually checked. The 
voltage reading per cell should be not less than 1-2 volts, and all cells 
should be uniform. When the starter is released the voltage should rise 
to 2 volts per cell. Any lower readings indicate a defective or discharged 
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cell. An abnormal current demand, as indicated on the ammeter, 
indicates a defect in the starter, which should be removed for shop tests 
and service. 

In making tke lock torque test, see that each application of the starter 
is as short as possible, in order to conserve the batter 7 charge. 

The Importance of Battery Cables 

Most service men are not usually familiar with the size of battery 
cables used with ordinary equipment, and there is the risk in service of 
using battery cables inadequate in current-carrying capacity. 

It is most important that cable of the correct capacity should be used, 
in order to avoid a voltage drop, which will result in difficulty in starting 
the engine except under the most favourable conditions. If the cable 
used is too small, resistance is set up which impedes the flow of current 
to the starter motor. 

This motor is a series -wound machine ; its operation is gov^erned by 
two conditions : (1) the amount of current, and (2) the voltage. The 
amount of current directly determines the torque or turning effort 
developed by the starter motor. The voltage directly determines the 
speed of the motor. It is, therefore, essential to deliver current of the 
maximum value and with the least possible loss in voltage in order to 
ensure rapid starting. 

Another factor of under- capacity battery cable, with its resulting 
voltage drop, is also that the voltage at the time of starting will he low 
for ignition, because the primary ignition current is usually taken from a 
connection at the starting switch. 

Poor connections will also promote difficult starting, particularly un- 
satisfactory earth connections. When trouble is experienced in starting, 
especially in cold weather, and all conditions which affect the problem 
have been treated, it is alw^ays as well to examine the starter cables. 
A check should be made for cable capacity, and should also include 
a check of the hat tery-to -starting-switch connection, battery-to-earth 
connection, starter-switch-to-starter connection, and the connection from 
the engine earth on rubber- mounted engines. 

Why Battery Cables need Replacement 

Battery cables are subject to occasional replacement, since there are 
several agents constantly striving to deteriorate the cable. The most 
active is acid. Acid will go from the battery during gassing whilst charg- 
ing, by spilling, or may be carried out over the top of the battery by 
capillary action. It gets on to the battery post and battery terminal , 
on to the insulation and into the rubber, causing a corrosive effect which 
gradually eats aw^ay the terminal, the insulation, and even the rubber 
core. This possibility is protected against, by the manufacturer, by lead- 
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coating the battery terminals, terminal bolts and nuts, but this lead 
coating may become worn away. 

Corrosion is visible upon inspection and maybe minimised if frequent 
inspection is made, and any surface acid removed by washing the top of 
the battery with an alkaline solution. A suitable solution is w'ater and 
baking soda, w^ashing-soda, or ammonia. All corrosion should be scraped 
from the battery posts, connections should be made clean and tight, and 
a coating of “ Vaseline ” applied. 

Another very troublesome symptom of corroded battery terminals is 
high voltage, the importance of which is dealt with elsewhere. 

Correcting Defective Battery Connections 

Many service men will cut the battery cable off short, strip the insula- 
tion a short distance, and fit a new^ terminal to a short cable. This is not 
good practice ; it shortens the length of the cable, which is probably none 
too long, and imposes a greater strain on the battery post. The result 
may he loosening of the post, causing much more damage than the cost 
of a aew^ cable. Also, the job is often inconvenient, requires considerable 
time, and does not save any worth-while amount of money over the fitting 
of a new cable. It pays to put quality jfirst and supply a new cable, giving 
the car owner a better joh and earning a reasonable profit.. 

Another frequent cause of battery-cable deterioration is abrasion, 
caused by the insulation being rubbed through where it comes in contact 
with the frame. This causes a short-circuit, resulting in a run-down 
battery and possibly a great deal of damage to the electrical system of 
the car. It is not good practice to repair abrasion by wrapping the cable 
Avith tape. This is only temporary, and cannot last so long as the insula- 
tion on the original cable. It pays to fit a new' cable. 

One other cause of trouble sometimes experienced is terminals becom- 
ing loose from the core. This indicates that the terminals w'ere not pro- 
perly fixed in the original assembly. The condition is hard to detect, 
due to the fact that in outw’ard appearance the cable looks O.K. It is, 
however, a point to check, and the best test is with a voltmeter. 



SUCTION-OPERATED WINDSCREEN 
WIPERS 


Bij JOHN L. P. PINKNEY, M.S.A.E.E. 

T here are three or four different makes of these windscreen, wipers, 
all working on the same principle. They differ only in their size 
and shape. 

Principle of Operation 

A Tery similar method of working to that of a steam-engine is applied 
but, instead of pressure being employed to force the piston bacWard 
and forward, suction is used. This suction is obtained from the inlet 
manifold and, in some cases, from the suction side of the AutoFac. 

A slide-Talve in synchronisation with the piston is also used, as in 
the case of the steam-engine, and its purpose is to direct the suction 
on to one side or the other of the piston, as required. 

The -valTe slide is not solidly fixed in relation to the piston, but is 
made to operate quickly at the end of each stroke of the piston by means 
of a spiral spring on the break -back principle. 

The reason for this action is easily understood as, without it, there 
would be a position of the piston which would place the port -holes in 
tha valFe half open to both sides of the piston, and this would be liable 
to interfere with the proper working of the wiper. 

Starting and Stopping Lever 

A lever is fitted to enable the wiper to be started and stopped as 
required. Its action is to direct the suction to one of two paths. In 
the working position of this lever, a clear path for the suction is obtained 
through a channel cut in the metal casting of the wiper body. This 
channel leads to the centre hole of three. There is also a channel leading 
from each of the two outer holes to each side of the piston. 


The Suction Path 

Across these holes is the slide of the valve, and according to the 
position of the slide a clear suction path is made from the centre hole to 
either one of the outer holes. This allows the suction to move the ])istoii 
in one direction and, at the end of the stroke, the valve slide is quickly 
moved over to change the suction path from the centre hole to the other 
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Fig . 1. — Tee vaxve m:echaeism of the Teico wiper 

It is recorriineiided that before removing the top of the wiper, the valve cover be re- 
moved and the mechanism closely inspected. It may he found that this mechanism may 
vary very much in different models of the same mahe. 


outer hole. This causes the suction to mo^re the piston in the other 
direction. 

Parking the Wiper Blade 

When the Aviper is not required, the ou and off lever is moved 
over, and this removes the suction from the valve channel and transfers 
it to one side of the piston direct. This sucks the piston towards the 
suction opening, and the rubber cushion fixed on the piston seals the 
opening. This automatically stops the wiper working and also moves 
the wiper blade into the parking position. 

The Piston 

The above description is of the Trico make, and the piston is a thick 
hat blade working in a semi-circle in a trough. The wiper spindle is 
attached to the top of this blade and, in action, this spindle receiv^es an 
oscillating back and forth movement to the wiper squeegee blade across 
the windscreen. The other end of the spindle operates the slide-valve 
mechanism. 
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The Lucas Wiper 

This wiper works on 
the same principle, hut its 
shape differs from that of 
the Trico, being cylindrical. 
There are also two pistons 
inside the cylinder, coupled 
together by a connecting 
strip. This strip has two 
grooves cut away in its 
centre, and as the connect- 
ing strip moves back and 
forth these two grooves 
operate a cam which throws 
over the valve slide. 


Operating Pin 

A spring-loaded pin is 
fitted to the outside of the 
wiper, for starting and 
stopping purposes. When 
the pin is pulled out and 
locked by giving it a half- 
turn, the pistons are free 
to move, hut, with the pin released, its other end projects into the inside 
of the cylinder and presses on to the edge of the connecting strip. At 
the end of the piston stroke, the pin drops into a groove cut aw^ay in 
the connecting strip. This locks the pistons in position and stops any 
further movement. 


Fig. 2- — V.ALVE MECHAJNISM OP LuCAS WIPER 

When the two halves of the cylinder of the 
‘"Lucas ” wiper are separated, this valve cnechaiiism 
may fall out. At the left of the valve gear is seen the 
cam referred to in the text. 


Speed Regulator 

To regulate the travelling speed of the squeegee blade across the 
windscreen, a regulating screw is fitted to the main suction inlet — ■ 
or should it be outlet ? — connection. If preferred, this screw can be 
used for starting and stopping the wiper. 

Parking the Squeegee 

As in the case of the Trico, the squeegee blade will automatically 
park itself when the operating pin is used, but when the regulating 
screw is ap|.)lied it will be necessary to park the squeegee blade manually. 
This is provided for by a lever fixed on the end of the wiper spindle. 

Fitting the Wiper 

The fitting of suction-oijerated wipers is for all practical [>urposes 
the same as for the electrical-operated types, but to eliminate future 
troubles the following points should he observed. 



CAR GREASING AND LUBRICATING 
EQUIPMENT 

By J. ROSE 



[By courtesy of The Gar Mart Ltd.) 

O P all the dijfferent items connected with car maintenance, perhaps 
the most neglected iintil recent jears has been the specialised 
lubrication department. At one time, greasing and the attendant 
operations -were regarded as a “ messy business, ” which must he carried 
out in some obscure corner of the workshop, hut it is now becoming 
increasingly' ohvions that it is a most potential factor in the establishing 
of neu" contacts, and impressing customers as to the up-to-date efficiency 
of the sei'vice side. 

It lias, in lact, become the slio]^) front of the service department, and 
as such nieiits close investigation. Tliere are many firms to-day who 
spiecialise in the equipping of modern service stations with the most 
complete hibricatioii plants yet devised. 
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Fig , 2. — On" the drive-on hoist 


The qiiick-fillmg unit being used to fill engine with hushing oil ; at the same time 
chassis being greased with high -power, high-pressure greasing gun (400 lb. persq. in. 
pressore). [By courtesy oj The Oar Mart Ztd.) 


A Modern Lubrication Bay 

Such a lubrication system has been installed by The Car Mart Ltd., 
who have fitted out tbeir new service station at Hendon with ev^ery 
device calculated to deal with cars in the most speedy and efficient 
manner. Whilst there are undoubtedly many fine service stations 
situated in different parts of the country, let us examine this particular 
example of a modern lubrication hay, employing the A.R.O. system. 

The lubrication bay itself covers an area of considerably over 2,000 
sq. ft., and is situated at the front of the main building, allowing the 
public an uninterrupted view of all work being carried out. The 
psychological effect on business can be well imagined, particularly 
bearing in mind the ideal conditions under which the lubrication depart- 
ment is run. 

Large sliding and folding glass -panelled doors at the front provide 
immediate ingress, and similar doors at the rear allow for access into the 
main shop, at the same time permitting the bay itself to be entirely 
closed off from the main workshop, in order that spring spraying, etc., 
may be carried out without any inconvenience to others. 

Lighting 

The walls of this hay are tiled to a height of 7 ft., enabling the whole 
area to be l<ept in spotless condition, and cleverly fitted concealed lighting 
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in tke roof provides moxd 
than adequate illumina- 
tion for night work, this 
light being diffused 
through opal glazing to 
provide an even, distribu- 
tion, at the same time 
preventing any view of 
the actual light-sonrce 
from the outside. The 
whole atmosphere of the 
bay, both in daytime and 
at night, gives the feeling 
of spaciousness and 
cleanliness which is so 
essential to efficiency. 


Drive-on Hoists 

Occupying two-thiids 
of the floor area are two 
Globe drive-on hoists, cap- 
able of lifting 8,000 lb., 
considerable foresight 
having been displayed 
here in allowing sufficient 
space for the fitting of a 
further lift should this be- 


Fi(f. 3. — Metered gear oil dispensation 

WASTE OIL DRAINAGE UNITS 

[Bij courtesy of The Car Mart Lid.) 


come necessary. 

Owing to the difficulty 
of taking the hoist-con- 
trol air -exhaust pipes out- 
side the building, unusual ingenuity has been showm in the fitting of 
Burgess silencers to these pipes, in order to reduce the exhaust noise 
to a minimum. 

These hoists employ the patented Globe principle, which, due to the 
design used, keeps all the oil below the piston, thus dispensing with the 
need for a packing gland, and eliminating the packing-gland pressure 
on the ram. This also permits the use of holes in the rain itself, 
and for the fitting of a safety har which can also be used as a stop 
preventing rotation of the lift due to the special registers on the stop 
collar. 


Oil Drains 

Situated betAveen these twm hoists are specially designed universal 
swinging drain pans, by wdiicii all drainings are collected and discharged 
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Fig. 4. — Universe jointt beii^g greased 

WITH CASTROIi EIGH-ERESSUEE CHASSIS 
LUBRICATOR 



Fig. 5. — Geeasi^^g gu>5- an’D water pump 
BEAEINCtS with AIE- OPERATE!) XUBEICATOR 
Specialised lubricating oil is contained in 
the quickly detachable container. 


into undergrouitd sto^itge tanks, the flushing from these tanks being 
etfected by the application of compressed air. 

Oil Supply 

Adjacent to these drain pans is found a cluster of oil-stij)|)lY nozzles 
\Vith quick-action maiitial controls, each nozzle sii])plyiiig a diflereiit 
grade of oil. These oils are piped through the control paiieh ^vhere 
meters record the exact amounts dispensed to a fraction of a jhnt. 
All underground piping is made immediately accessible by centrally 
disposed cover plates in the floor, and all pipe lines are coloured for easy 
identification. 

Grease Supply 

The supply of grease is brought hy means of overhead swing arms, 
one of each being fitted directly above the centre of either hoist, allowing 
any part of the car to be immediately accessible. Grease passes down a 
flexible hose from the swing arm to the actual gun, which incidentally 
is of a type suitable for grease-tight attachment to any kind of nipple. 
Running in line with the flexible grease hose is another hose suitably 
affixed at regular intervals. This carries air at 150 lb. per square inch 
pressure, the air pressure serving to operate the gun at one hundred or four 
hundred grease deliveries per minute as rec|uired. 
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Fig . G. — Another ot-tO-dath: ltibbicating plant 
Glows three engine oil dispensers, three gear oil dispensers, chassis Jubricator, and spring sprayer. 
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Automatic Variation of 
Grease Pressure 

If the part to be 
greased is free of restric- 
tion, lubrication at com- 
paratively low pressure 
ensues ; if, however, the 
part is rusty or the pass- 
age restricted in any way, 
then the grease pressure 
rapidly rises automatically 
until the passage is freed 
and lubricated. 

Whilst not often en- 
countered in everyday 
greasing, it is interesting 
to note that if necessary 
this type of gun can exert 
a pressure amounting to 
many tons per square 
inch. Although this high 
pressure can be developed, 
however, only 300 lb. 
grease pressure is the 
maximum in the hose on 
150 lb. air pressure, the 
gun itself being responsible 
for building up the main 
pressure, thus resulting in 
very much longer hose 
life. 


Figf. 7. — Another type op alr-opeeated lx^bri- 
CATOE — TKE SeNACON 

The grease required is in the detachable container. 


Air-pressure Line 

Centrally disposed between the grease swing arms and fitted to the 
roof is the self-reeling air-pressure line, with a combined gauge and 
control affixed to the wall. Attached to this control unit are air con- 
nectors, so that air lines may be coupled up for the purpose of sup])lying 
the spring spray gun, this gim being of an advanced design in that 
adjustments allow^ for the concentration of the spray in such a manner 
that the amount of floating spray is reduced to a miniiiiiim. 


Suppl^^ing Special Brands of Lubricants 

Owing to the comparatively limited demand for certain special 
lubricants, hut the importance of dispensing such lubricants whew the 
occasion arises, the equipment includes a specialised luhricatioii rack : 
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JFig. 8. — Usma a hydraulic ltjbhicatob 

Sliowing the Jify7 grease gtin. To operate, the handle is squeezed and the required 
pressure is given to the grease in the container by hydraulic action. 


this rack incorporates a number of oil syringes and grease cylinders, and 
the air-operated portion of the grease gun previously referred to. These 
cylinders are constructed so as to allow of rapid attachment to the air- 
operated portion of the guns, and since each cylinder is filled with its 
own special brand of grease the entire system enables the correct lubricant 
to be dispoensed to any part required. 

Flushing Gearboxes and Rear Axles 

Perhaps one of the most interesting accessories is the Visiflnsher, 
which is used for the flushing of gearboxes and rear axles. This fliisher 
consists of a pressed-steel spherical container, a venturi valve, tightly 
sealed glass bowl, and a service hose with a nozzle having a protective 
baffle. In use, the flusher is connected to the air sui^ply, and held in the 
right hand, the venturi control valve serving as a handle. Pressing 
down on the control button creates a vacuum used to draw fluid into the 
spherical container through the hose, and with the control button down 
the thumb is placed over the venturi valve outlet, thus causing fluid in 
the spherical container to be expelled through the hose. 

A small amount of flushing oil is used as a cutting medium to soften 
and dilute lubricants in the gearcase or axle, and this is alternately forced 
in and out of the unit in question until thoroughly mixed, after which 
the entire content is withdnawn by suction into the spherical container, 
and expelled into the waste oil drain. 
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The whole operation occupies but a few minutes, and the glass bowl 
permits the operator to observe the progress and thoroughness of the 
flushing. 

The Control Panel 

Probably the most impressive part of this equipment, however, at 
least from the customer’s point of view, is the large illuminated control 
panel situated at one end of the bay ; of black enamel with chromium 
surround and surmounted hy an artistic canopy, the inner confines of 
which provide indirect lighting for the whole, the panel serves, amongst 
other purposes, as a striking background for the equipment it is designed 
to control. 

In front of the panel are six large cabinets, in which are contained 
specified lubricants for the more popular cars. Each cabinet incorporates 
a pneumatic force-pump which sucks the lubricant straight from the oil 
manufacturers’ drums, and forces it direct to its appropriate nozzle in 
the cluster. On the panel itself are found the oil-registering meters 
previously referred to, and further attachments for air lines, the wLole 
layout being designed to present a well-balanced appearance. 

As will be realised, however, it is not possible to dispense each 
proprietary brand of oil in such a manner, and to overcome this difficulty 
compact steel shelves, with suitable racks, have been fitted out of sight 
behind the control panel, and stocked with practically every brand of 
oil which is in demand to-day. All oils so stocked are carried in dustproof 
glass bottles of varying capacities, suitably labelled, thus ensuring that 
all oil used is absolutely pure and free from foreign matter. 

It is obviously unnecessary to comment on the value of such an 
imposing background for the lubrication hay, and wdiilst it may seem to 
some that the designers have perhaps been over-lavish in their attention 
to every detail, the consequent business has proved beyond doubt that 
the original outlay has been more than justified. 



SPARKING PLUGS 

By GEOEOE T. CrjlEKE 
Importance of Makers’ Plug Matkings 

T here is a tendency on the part of both owner and storekeeper to 
regard the sparking plug as a plug and no more. If he does not 
happen to have the one particularly suggested by the maker of the 
car or the plug manufacturer, he is very likely to fit a plug that looks like 
the one removed or a numbered plug nearest to the marking on the one 
at fault, or he fits a plug of a higher, or lower, number because he thinks 
the next number a superior type for the purpose. The real fact of the 
case is that he knows little or nothing about the duty of the sparking 
plug and 'V'hat has led up to its design. 

The Aim of the Plug Designer 

In the early days of motoring the sparking plug was a poor affair. 
Its performance was by no means good although the requirements were so 
very little. It can be described as a piece of china with a length of wire 
through it. The only thing that was uniform was the thread, which 
W'-as based on the plug used originally by Count de Dion. All designers 
of plugs attempt to attain the same end — to maintain, the plug at the 
right temperature for the engine and at the same time keep clear of 
sooting up and carbonising on the surface of the centre portion of the plug. 

The Multitude of Plug Designs is due to the Variety of Engines 

Plugs are of so many designs to-day that it is proof that all engines, 
or nearly all, function in a different manner, necessitating many 
types of plug which, from an exterior point of view, cannot be distin- 
guished one from another. The difference is highly technical, but an 
attemp^t will be made to give some idea as to the reason for this multitude 
of differences. 

Plug Range compared with Engine Range 

In an article of this length it is impossible to plumb the teelinical 
detail to its depth, but sufficient will he said to show" the operator the 
importance of using his intelligence to the best of liis ability if he wishes 
to obtain the best performance. As an example, if a graded range of 
engines from A to Z were fitted with 26 tyjjes of plugs numbered froni 
1 to 2(y suitable for these engines, and were changed around so that plug 
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miniPer 26 was fitted to letter -A engine, 
and plug number 1 was fitted to engine 
letter Z, it is very doubtful if either of 
the engines would run at all, let alone 
run satisfactorily. This is no exaggera- 
tion, hut a real example of the trouble 
to whicli the plug maker has had to go 
to produce satisfactory running. One 
difficulty is that one person has designed 
the engine and another has had to 
design a plug to suit the former’s 
product. The modern engine, with its 
very high compression ratio, has called 
for greater skill iix plug design. It 
would not be so bad if one had to deal 
with a perfect engine, hut there are 
no perfect engines, therefore the plug 
designer has had his hands full. 





Fi(/. 1 .— Original 
Champiom por- 

CELAIMFSEDON 
COXD ” LOW"- 
COMPRESSION 
ENGINES 

W it h incresLised 
engine compres- 
sion, it is neces- 
sary to have a 
“ hot ” point and 
the insulator 
fairly cool. This 
is achieved by 
making the por- 
celain of the 
shape shown in 
Fig. 2. 


Heat-resistance of Plugs 

Plugs have to be made within certain 
heat ranges and to deal with very 
sudden changes in temperature during 
which gas-tightness has to be main- 
tained. Material that offers a high 
electrical resistance also offers a high resistance to the 
and herein lies one of the difficulties. The plug and 
desires controlled heat radiation, but has to deal with 
must be of high electrical resistance. 


Fiff. 2.— As EN- 
GINE COMPRES- 
SIONS ROSE IT 
WAS NECESSAR\" 
TO HAVE A 
“ HOT ” POINT 
AND TEE INSU- 
XATOa FAIEXV 
COOL 

Therefore the 
porcelain was 
made smaller at 
the point, but uni- 
formly increased 
in size to ade- 
quately radiate 
the heat not 
wanted within the 


passage of heat, 
engine designer 
a material that 


Problem of Heat Transfer 

The problem of heat transfer itself is now relatively siiny)le, but there 
are other factors, such as over-oiling, that w^eigli against uncontrolled 
heat transfer. Many years ago, in the early days of the plug industry, it 
was customary to make plug insulators with practically straight lower 
ends, resulting in excessive heat at tlie firing-point. Fig. 1 portrays an 
early interior of a Champion ])lug. Experience has shown that it is 
necessary to provide a constantly increasing cross-sectional area through 
which the heat may travel and he absorbed, so as to eliminate the excess 
of heat at the firing-tip, or point. Practically all modern plugs have the 
firing-end of the insulator ta2)ered to attain heat radiation. 


Reason for Slow Heat Transfer 

With a low-speed, low-compression engine there is little heat to 
absorb and remove. In this instance a long path is introduced in the 
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Fig. 3.~Good heat 

RADIATIO>i BUT 
POOR CARBONS" RE- 
SISTANCE 

This plug, on 
account of the 
copper gasket being 
near the thread, 
gives the shortest 
possible path for 
heat transference, 
but there is no 
‘‘pocket ” to give a 
largo surface to the 
porcelain and so act 
as a resister to the 
formation of carbon 
and maintain the 
electrical value of 
the plug. 



A 



B 


Fig. 3a. — Hot and cold plugs 

Plug A show's a very short heat path and a longer 
surface to the inside porcelain. The plug is suitable 
for a very hot engine, but at the same time resists 
burnt oil. Plug B has a long heat path and a long 
oil-re.sisting surface and is not suitable for a very 
hot engine. 

plug before the heat is a^hsorhed hy the surround- 
ing engine casting and water jacket. 

Difficulties under which the Plug Operates 

The conditions under w^hich the plug has to 
operate uary considerably even in the same engine. 
It may have periods of full load with an extreme temperature, 
Avhieli it has to withstand without the electrode overheating, and 
the insulating material must withstand the same heat without 


breaking down. The expansion and contraction must be such that 
it does not strain the sealing joint. The firing-end of the plug is 
exposed at the hottest point within the engine, and is subjected to great 
pressures and reactions , including chemical action. During all this the plug 
point lias to overcome the erosion due to the passage of the high-tension 
current already surrounded hy gases tending to erode the point itself. 


Importance of Careful Selection of Plug 

Asot only will the selection of the right kind of plug for the job prolong 
the life of the plug, hut the life will he more useful whilst it lasts. The 
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wrong kind of plug may function after a 
manner, but the ayerage owner seems lotli 
to change until the failure has become so 
apparent that he is forced to put his hand 
in his pocket. 

Rapid Failure of Incorrect Plug 

The wrong plug fails internally very 
rapidly, often unknown to the non-technical 
driver. From full throttle the engine is con- 
tinuously being shut down to an idling 
speed, when the plug cools off and is sub- 
jected to an over-rich mixture, which 
deposits soot and an excess of oil drawn 
past the piston rings and tends to carbonise 
on the surface of the insulator. Between 
these two extremes the plug has to function 
and maintain a clean and non-conductive 
surface on the interior face. 

Ability to withstand Fracture at Critical 
Heats 



If the plug is to give reasonable service pig, 4 ._chaiipion kvat-recobd. 
it must, first of all, have a good insulator in-g plvg for experimen-taj. 
impervious to the absorption of moisture ; r’UKPosEs on-ly 
the insulator must he a first-class electrical 

insulator during the whole of the engine range of heat, and it must be so 
situated as to radiate sufficient of the heat created to satisfy the conditions 
of the engine designer. The insulator must he able to withstand fracture 
at the highly critical heats. The electrode must be non-corrosive. Fig. 2 
shows the principle of the tapered insulator designed and used by the 
Champion Company with the earlier type of plug (not even now 
obsolete). The larger area is clearly shown as the heat passes up the 
insulator. 


Plug Construction for Very Rapid Heat Radiation but Poor Resistance 
to Carbon 

In E'ig. 2 is showm a plug with tlie gasket nearer the firing-end, so 
that the heat path is shortened as mucli as ])ossible. The modern high- 
compression, high-speed engine needs to get rid of the heat generated on 
the plug point as rapidly as possible, hence the ])ositioii of the gasket. 
The plug maker has to deal with many kinds of engines, and this is an 
example of what is called a “ cold ” plug for use in hot engines. Fig. 3 a 
shows hot and cold plugs. 
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Fiff. 5. — Plug 

ro R3ESIST 
EXCESSIVE 
OELINQ-UP 

This lias a 
larger space 
between insu- 
lator and plug 
body to resist 
oil fouling, 
but a little 
longer heat 
path. Some- 
what of a 
compromise. 


Endeavour to meet Engine Heat and Oil 
Resistance 

As already mentioned, in plug design- 
ing it is necessary to provide different 
types of plugs which, will, as nearly as 
possible, exactly meet the conditions of 
the particular engine in which they are 
to be used. The classification is called 
heat range.’- In order to explore the 
requirements within the engine, 
‘‘ Champions ” made up plugs with a 
thermo-couple within the plug (Tig. 4). 
It was found necessary to make such 
tests in order to make sure the plug 
recommended would reach such a tem- 
perature as was conducive to prevent 
pre-ignition, and yet reach a temperature 
high enough to eliminate the dangers of 
fouling the insulator. 

Causes of Pre-ignition 

It may be as well to note that pre- 
ignition in plugs is in practically all 
cases due to the overheating of the tip of 
the core to the point where it ignites the 
mixture in the combustion chamber be- 
fore the spark takes place. 


Result of a Cracked Porcelain 



6. — Plug to 

PETROL 

EOULINO 

The neck restric- 
tion. acts as a resis- 
tance to keep the 
larger portion of the 
porcelain at the end 
hot enough to keep it 
from fouling through 
“petrol,’’ hut oil 
fouling is governed 
by the length of the 
porcelain within the 
plug body. 


A cracked porcelain, through being detached from 
the main body of the insulator, stores up heat until it incandesces 
and causes pre-ignition also. If very much detached it pre-ignites 
the gas to such a,n extent that a very high pitched knocking is 
heard -which, to the unitiated, sounds as though a gudgeon pin had given 
out. 


Causes of Fouling by Oil and the Result 

Fouling of plugs is of two kinds — oil and petrol fouling. In the first 
case more oil than normal passes up by the pistons into the combustion 
chamber and is deposited on the insulator, and on the inner body of the 
plug. If this continues for any length of time the oil forms into a har- 
dened cake and closes, or restricts, the space het-vv-een the insulator mid 
the plug body- The only remedy is to fit a plug -with a larger space, 
somewhat like Fig. 5. 



SPARKING PLUGS 


[yol. IV.] 51 L 



Fig . 5a. — Examples of Chaimpion- POWDER-FiiiLixo gas-tight pltjgs 


Causes of Petrol Fouling 

Petrol fouling is different in cliaracter. When an engine is started 
cold, a blanket of carbonaceous material, or wet fuel, is deposited over 
the whole surface of the insulator, and forms, when the first heat is 
applied, into a dry, fluffy, carbon coating. As the heat increases the 
tendency is for this fluffy material to disappear from the insulator. 

Real Reason for cleaning the Plugs after a Bad Start 

This is one of the reasons that an engine, after a splutter or two, often 
requires the plugs cleaning. The fluff is a conductor, therefore with a 
deflated battery unable to create enough E.M.F. through the coil, the 
spark is conducted to earth via the fluff* instead of jumping the gap. 

Insulator Coldest at Gasket and the Trouble caused Thereby 

Naturally the insulator is coldest at the point where it seats on the 
gasket, and there is a tendency for some of the condensed carbon to re- 
main. As the firing -tip of the insulator is nearly reached, the tempera- 
ture is liigh enough to remove the fluff wliich is deposited. As we get 
nearer still to the tip of the insulator the condition is a little different. 
With the very high temperature at this point, along with the tendency 
for a slight amount of oil to be mixed into the deposit at the tip, the 
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. 7. — Plug carboi^ed up bepobej Fig . 8. — Plug apuee gleaistng on 

CLEANING MACHINE SHOWN IN PlG. 9 

mixture has an inclination to cake to some extent and perhaps hake into 
a hard crust. 

Importance of Plug Temperature 

As long as the temperature of the insulator mid^\^ay between the tip 
and the gasket seat is maintained high, enough to eliminate the fluff of 
carbon , the plug will not foul 

Design to maintain Tip Temperature 

Pig. 6 shows a plug designed for this purpose. It is when the carbon- 
aceous material from the tip meets the condensed material starting from 
the gasket seat that fouling actually takes place, and the current travels 
through this carbonaceous layer rather than jumps the gap. The prob- 
lem heconies one of maintaining sufficient temperature at the immediate 
point to continue to eliminate the fluff and so prevent fouling. The 
insulator shown in Fig. 6 retards the flow of heat by reduction of area at 
the neck portion just long enough to retain sufficient heat to keep the 
core clean. 

Limit of Temperature at Point of Plug 

From the above it will be seen that to prevent petrol fonling in the 
ordinary plug it is essential to provide the necessary temperature at the 
intermediate point to prevent fouling, but the insulator can be lengthened 
only to an extent wliere the tip temperature will not exceed 1500° F. 
.Peti'ol fouling can then be taken care of by increasing the length of the 
insulator, within reasonahle limits, but in the case of oil fouling it is a 
question of added space within the plug. 
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Fig. 9 {right). — Pxug 

BEIN-G CLEANED 3Y 

SAND BLAST ON A.C. 

PLUG -CLEANING MA- 
CHINE 

Why Smaller Plugs 
were Introduced 

The first plug 
size used was the 
1 8-inm . , after which 
The Tord Company, 
mainly because the 
U.S.A. disliked any- 
thing bearing the 
name metric, ’’ 
started the J-in. 
gas-thread plug. 
After that the 
U.S.A. introduced 
the |-in. X 18 
thread plug. All 
three of these plugs 
axe of ample size, 
and enable the ping 
maker very easily 
to combat the 

heat range ” busi- 
ness. But now we 
have a further three 
plugs, starting with 
14-, and then 12-, 
and eventually 10- 
mm . diameter. 
The smaller ping 
commenced life with 
the small cylinder 
which, w-ith a 
standard plug 
fitted, did not 
permit sufficient 
water space around 


Fig. 1() {right).- 

BEING INSERTED IN 
TESTER OF CLEANING 
MACHINE 

M.R.O. IV. 33 
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Figt. 11. — Plug beeng tesied under pressure 


the top of tke cylindei. It was therefore necessary to reduce tlie size of 
the plug and so reduce the diameter of the cast boss. 

On the Packard Straight Eight and other engines with eight cylinders 
in line, it must be apparent how little space there would be for water with 

PLUG- DIMENSIONS 


Width 


Nominal 

Outside 

Pitch or 

Double 
Depth of 
Thread 

Root 

Ta^pin^ 

Across 

Diameter 

Diameter 

T.P.I. 

Diameter 

Drill 

Flats of 
Hexagon 


•8750 m. 

18 

•0722 m. 

•8028 in. 

20-5 mm. 

i 

J ia. Gas 

•8250 in. 

14 

•0928 m. 

•7322 in. 

47/64 ill. 

Various 

18 mm. 

•7087 m. 

1-5 mm. 

•0767 m. 

■6320 in. 

41 /64 in. 

1 in. 

14 mm. 

•5512m. 

1-25 mm. 

•0639in. 

•4873 in. 

12-5 mm. 


12 mm. 

•4724 m. 

1*26 inm. 

•0639 in. 

•3585 in. 


f 

1() mm. 

•3937iii. 

I'OO mm. 

•0511 in. 

•3426in. 




a hoss large enough to take an 18-mm. plug. Obviously, as we go to 
smaller pings, instead of reaching standardisation in size suitable to all 
makes of engine, we have made the task of heat control in the plug 
more difficult. 

Difficulties of Heat Governing with the Small Plug 

Obviously, too, the co.iiditioiis which have to do with fouling are .made 
\^'orse, and it is impossible to gi\e more than a very small space to jiro- 
vide against all kinds of fouling. As we get into the smaller plugs we 
approach the cold types, in fact we get very close to the racing types 
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from tlie standpoint of heat path. 
'The small plug reaches its normal 
temperature faster by some 10 to 
15 seconds than the 18-mm. plug. 


Gas-tightness of Plugs and its 
Importance 

A very important factor of plug 
design and care in manufacture 
is the formation of the gas-tight 
seal. The reason this is so im- 
portant is that a leak between the 
centre electrode and the centre 
insulator, or between insulator and 
shell, rapidly increases the 
temperature of the tip of the insu- 
lator and changes the normal rat- 
ing of the ping. A leakage of 5 c.c. 
per minute, which is very small 
indeed, will increase the tempera- 
ture at the tip of the insulator 
by approximately 55° F. The 
average dilference between plugs 
next to each other in the heat 
range is approximately 40° F. The 
leak stated is equivalent to using 
the next hotter plug. 


Leakage the Cause of Overheating 

Leakage between the insulator 
and the shell must be of a higher- 
rate than 5 c.c. per minute to cause 
definite overheating, hut the 
danger is that of permitting the 
hot gases to reach the shoulder of 
the insulator, and cracking at this 
2 )oint. As is already known, the 
porcelain insulator of the Champion 
plug is made from sillimanite,'’ 
a natural non-metallic crystalline minei'al formed ages ago from alumina 
and silica by the combined effect of pressures and tempieratures of 
inconceivable magnitudes. The ore is mined and ground into a very 
fine pov'der, and a bonding material added, along with water, to form the 
actual material from which the porcelain ” will be formed under pressure. 
The porcelain is then glazed and baked. 


Fig. 12. — Gets^erax v^iew or the AX'. 

PLUG TESTER 
{By courft's^y of the Car Mart LU.) 
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Fig. 13. — CoEREiCT AND INCORRECT THREAD LENGTHS 
A — Incorrect fitting (thread too short). B, C, D — Correct fitting in various shaped heads. 

In the earliest design of plugs it w'as customary to use a screw and 
nnt to hold the centre electrode in place. Naturally this did not form 
a gas-tight joint, and, as the severity of engine conditions increased, 
plug makers found it necessary to provide a tetter seal, and some, for 
many years, have used a liquid cement of some Mud which is baked to 
form a so-called solid joint. It is entirely natural that vhen a liquid is 
baked, the result is the expulsion of moisture and consequent porosity. 
It has been a problem to the plug maker. One of the difficulties has 
been to maintain sufficient tightness without making the column of 
cement so homogeneous that its expansion under great heat -would not 
tend to split the insulator. 

Powder Packing said to form a Good Gas-tight Joint 

The Champion Company say they have entirely overcome the 
difficulty by tamping around the centre electrode a dry powder made 
from the same material as the insulator, and called “ Sillment.” This 
means that the plug cannot be taken to pieces for cleaning, but the 
modern plug-cleaning machine makes dismantling unnecessary. 
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ELECTRODE 


EXTERNAL 


GLAND NUT 


PROTECTIVE 

WRAPPING 


RIVET nut 


INSULATION 

WRAPPING 


GLAND 


Dismantling not now 
necessary to clean Plugs 

As a matter of fact 
many plugs failed after 
dismantling because 
they were not re- 
assembled correctly , 
perhaps because tie 
operator had no new 
gaskets and depended 
on tbe old one. 

Disturbed Capper Gasket 
the Cause of Subsequent 
Trouble 

In any case the 
copper gasket plays 
such an important part 
in the heat range of the 
ping that it is as well 
it cannot he disturbed 
from the position in 
which it has been, placed 
by the expert. The 
one-piece plug has 
simply a flange turned 
over against the packing 

at the upper shoulder -of the core. The dry -powder construction is 
resilient, and can come and go with the contraction and expansion of 
both shell and insulator, and so remains tight no matter how hot the 
plug may he run. With tightness ensured one is certain of the equal 
performance of the set of plugs installed. 


CENTRAL FIRING POINT 



int eri^al 

WASHEfif 


BOOV 


earth point 


M<7. 14. — TaRIOUS IOI^^TS IK K.L.Gr. plug irANUTiVCTrRE 

The example sho^v^n is the K.L.Gr. type G.l plug. 
The central electrode is well protected with w^rapped 
mica. Note tlie long heat path for a cold engine and the 
large pocket as a restrictor to oiling up. 


Position of Plug Gap within the Cylinder 

Another important factor is the position of tlie pdug gap within 
the combustion chamher. All plugs are made in different lengths 
of the threaded portion, so that the gap should be at the desired point 
of ignition. The modern engine is very much more particular as to 
the sparking position, and the projection into the head of the 
threaded portion of the plug may lead to oTerheating of the sharp 
points and lead to pre-ignition. This point needs to be yvatched rery 
closely, especially wdth the smaller 14-inm. plugs, where the original 
standard 14-nim. is |-iii. thread in length from gasket seat to the end 
of the shell. 





Fig. 15. — The 

K.L.G. PLUG 

This shows the design 
of the first sparking plug 
as developed by K, Lee 
Guiness. 


Fig. 16. — K.L.G. type: 
F.12 

G-as-tightness p ro - 
diieed by swaging the 
gland nut around the 
wrapped mica. Inner 
wrapping of mica groxmd 
and polished as a resis- 
tance to heat. This plug 
is suitable for the aver- 
age engine without very 
Ingh compression ratio 
or excessive heat. 


Fig. 17.— K.L.a. 

K.l 

Note stepped -wrap- 
ping to i*esist oil corro- 
sion and large ‘ ‘ pocket ’ ’ 
for the same purpose. 
The enlarged copper - 
covered electrode has 
increased heat conduc- 
tivity. 


Plugs in Aluminium Cylinder Heads 

111 niany instances aluminium heads are used for high compression, 
and it has "been found necessary to go, perhaps, to i -in. and in a few cases 
to J'in. thread length. This again multiplies the number of types 
recpiired, because in each particular instance the thread length is meant 
to meet the requirements of a particular engine. {See Tig. 13.) 

Importance of correctly tightening Plug in Cylinder 

A word or tAvo as to tightening the plug in the engine. It is not 
easy to bring home to the aA^erage motorist the difference between 35 
and 40 ft ./lb., but the garage mechanic is in a difierent position, therefore 
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he should fully appreciate the following. If a 14-miii. plug is installed 
with a 30-ft./lb. torque, it will get too hot because there is insufficient 
heat transfer between the shell of the plug and the plug washer. If, 
on the other hand, it is pulled up to 45 ft. /lb., it is apt to leak between 
the insulator and the shell on account of excessive strain. 

Mica Plugs 

To illustrate our remarks, we have used the Champion plug with 
its porcelain insulator as an. example. The K.L.G. plug makers, how- 
ever, use mica in their plugs as well as a form of porcelain. The mica- 
insulated plug ^vill be explained on account of its approach to the 
same goal from an opposite angle. The plug w’-as evolved by ISh, 
K. Lee Guiness when he was a racing motorist. He had trouble in 
finding the right plug for his racing Sunbeam car, and this led him 
to set up an experimental shop, and in that shop he carried out a vast 
number of experiments with many classes of material. Pig. 15 shows 
the result of his activities. The motor owner has reason, to be grateful 
for his patience. 

Mica Washers are not the Real lusulators 

The average operator, or garage mechanic, often thinks the insulation 
of this plug depends upon the mica, as seen in the external sleeve of the 
K.L.G. plug portrayed in Fig. 14. The external sleeve is the mechanical 
protection of the plug proper, whilst the actual insulating mica is wrapped 
around the centre electrode, and termed ‘^protective v-wapping in the 
same illustration. In describing this particular make of sparking plug 
the nomenclature will he as Fig. 14. This natural mica is very finely 
laminated, and the sheets may be split readily into many thin sheets 
of one- or two -thousandths of an inch in thickness, almost similar to 
cigarette papers. The very thin sheets are quite flexible, and they are 
known as “ wrapping mica.” Other sheets are split into thicknesses of 
about -..I, in. and are snhsequently punched to form washers of about 
I in. diameter, with a hole in the centre to suit the design for which they 
are to be used. As said, the washers only serve the purpose of protecting 
the wrapping mica from heat and damage, also, in some cases, providing 
a gas-tight wall. 

Value of Mica as Sparking-plug Material 

The mica for a sparking plug has to meet three primary requirements, 
the first being adequate electrical insulation for the centre electrode ; 
secondly, a protective covering must he provided for the part of the 
electrical insulation which is exposed to the gases in the cylinder ; 
and, thirdly, the complete assembly of insulation and central electrode 
must provide a gas-tight joint in itself. 
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Figr, 18. — K.L.G. type 
Y.7 

iJ^Ton-corrosive elec- 
trode for very high 
temperatures, copper 
plated to maintain heat 
conductivity. The gas- 
tightness is obtained by 
a special wrapping (not 
wrapped mica) so that 
the jomb is effected 
without strain on the 
wrapping. Th© result is 
a higher factor of safety. 


Fig. 19. — K.L.G. type 
Foed 

Not© the protected 
electrode surface from 
splashed oil and heat 
conservation of the 
centre electrode. The 
thin wire points are to 
stop heat radiation as 
much as possible. 

This plug was 'pro- 
duced for the old Ford 
model T. 



Fig. 20. — K.L.G-. type 
317 

Plug for very high 
temperatures such as 
exist in. two -stroke en- 
gines that have no over- 
oiling trouble. Nate 
small electrode insulator 
surface, only permissible 
when oiling is non- 
existent. 


Wrapped Mica as the Electrical Insxilator 

The insulation mica may be ^Tapped either directly on to the centra,! 
electrode, as in Fig. 14, or on to the inside diameter of the body, as in 
Tig. 15. The protectire coYering may consist of mica washers or a 
further wrapping of '‘wrapping mica,” fitted over the insulation wrapping, 
as ill the case of Fig. 14, and inside it as in the case of Fig. 15. 

Gas-tightness of Plug with. Mica Insulation — Early Methods 

The gas-tightness is obtained either by compressing longitudinally 
the mica washers wdiieh form the protective covering, a method which is 
almost obsolete, or by turning over the edge of the plug body. In the 
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Bacing t57pe plug of 
very high heat conduc- 
ti-vity, hut little surface 
against oiling. The life 
of the plug is short but 
more than long enough 
for the purpose for Tuhich 
it is designed. 



Fig. 22.— K.L.G. 

LK.1 

hfote oil baffles form- 
ing the earth side of the 
plug, the stepped mica, 
and large “ pocket ” as 
a protection against 
fouling. The plug is 
suitable for a semi-cold 
engine. 
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Fig. 23. — B.L.G. type 
718 

;Note the short heat 
path to conduct the heat 
from a “ hot ” engine 
and the shaped electrode 
to assist heat radiation. 


case of detachable plugs the gland v'hich surrounds the central electrode, 
or insula^tor, is screwed down to compress the mica to form a gas-tight 
joint. Apart from these primary methods of construction, the makers 
have to provide for the requirements of the actual engine in which the 
plug is to he used. To use the words of an authority of the K.L.G. 
Company : In this, the specification of the engine as regards the 

position of the valves, compression ratio, maximum speed, and type of 
cooling will provide considerable guidance, but it would be a very bold 
plug designer Avho would undertake to produce the correct plug without 
a certain amount of trial and error under actual working conditions/’ 

Importance of Yalve Disposition to Plug Performance 

As an example of the ‘‘heat range,” etc., it will be as well to deal 
with two plugs, one of the “ wrapped ’’ type and one of the waslier ” 
type (Figs. 14 and 16 respectively). Both these plugs have met with a 
large measure of success, each in its own sphere. To-day both of these 
plugs have been superseded by later developments, but they are excellent 
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examples of the treataiieiit of the mica. In Pig. 14 we have a central 
electrode of mild steel, -with a firiiig'-point of nicLel inserted into its 
lower end. This electrode carries two wrappers of mica — one of which 
is the insulating \vrai:)ping extending to the top of the outer sleeve, and 
a second, which is the protective capping only to the top of the gland. 
These v^xappings tare, in the first place, wrapped as closely as possible 
on to the electrode and finally gripped by contraction of the gland. 

Method of producing Gas-tightness with Mica 

This contraction is effected by a swaging process, and is continued 
until the mica between the gland and the electrode is so far compressed 
as to prevent any leahage of gas through it. After the gland has been 
contracted and a gas-tight joint obtained, an external sleeve composed 
of mica washers is threaded over the external end of the insulating 
wrapping and retained in place and under compression by means of a 
rivet nut. It will be clear that this external sleeve serves, not only to 
protect the external part of the wrapping from accidental damage, bnt 
also to form a finish to the plug. 

Polishing the Mica for Resistance to Heat 

The inner part of the protective wrapping is ground to a taper and 
polished so as to form a protection that has, in itself, the greatest resistance 
to the action of the heat and a reasonable resistance to the deposit of 
carhon and oil. This insulated and protected centre is then mounted 
in the plug body and retained in place by the gland nut, so that its inner 
insulation lies in the gas chamber and its central firing-point extends 
through the mouth of the plug until it is only separated from the earth 
point by the width of the gap. The construction is one that may be 
called suitable for the ordinary engine, provided the dimensions of the 
various components are suitably chosen. 

Importance of “ Pocket ” and Inner Insulation to Varying Conditions 

The possible variations are the length and diameter of the inner 
insulation, the depth and diameter of the gas chamber, the length of 
the central firing-point, and the diameter of the mouth of the plug. 
It is appcirent that there are many combinations of these variations, but 
speaking broadly the larger the diameter and the shorter the length of 
the inner insulation the greater will be the heat resistance. 

Area of Surface Insulation an Important Factor 

111 addition, the heat resistance of the plug may be raised by decreasing 
the Tohime of the gas chamber. There is a limit to the advantage \vhicli 
can he taken of these possibilities, as, if the inner insulation is shortened 
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too far, its surface will become too short to be effective, whilst if the 
volume of the gas chamber is reduced too far it will readilv become 
choked. The K.L.G. plug sIiovto in Pig. 16 is far more complicated. 
In this design we start with an electrode made from high-tensile steel 
which has an enlarged head formed at one end integral with the stem. 
This head is recessed and a finng-point of nickel is caulked into it. 
The insulation wrapping of mica is formed into a tube bv wrapping 
on a mandrel, which is withdrawn when the tube is inserted into the 
gland. Whilst the tube is held by the gland the protective mica washers 
are shpped on its inner end and the external sleeve washers are pat on 
its outer end. The electrode is then passed through the tube from its 
inner end, so that the underside of the head seats on the end of the 
assembly of protective washers, while the nut on the outer end of the 
electrode screws down on the top of the external sleeve. 

Gas-tightness dependent on Gland N’ut 

It will be seen that the inner protective washers and the external 
sleeve are compressed longitudinally hy the tightening of the nut, and 
the gas-tightness of the plug depends on this tightening, a tightening 
which must be carefully regulated to make certain that only sufficient 
pressure is applied. 

Result of Excessive Pressure on Gland Nut 

Excess of pressure will entail damage to the washers when the mica 
expands under the heat of working conditions. In this design we have 
a ease where the external sleeve of washers is more than an ornament, 
as it actually serves as a distance-piece. Fig. 16 may he considered 
typical of the washer form of plug construction. 

Fig. 17 is a plug still having the general form starting with a straight 
central electrode and bearing a wrapping of miea, hut the electrode is 
made from a special form of material having a core of steel and a 
casing of copper closely v'elded to the core. 

Heat Conductivity through Copper-covered Electrode 

The steel core provides the strength and tlie copper provides 
increased heat conductivity. The increased conductivity reduces local 
heating, and considerably increases the heat resistance of the plug as 
a whole - 

Stepped Wrapping to increase Resistance to Oiling-up 

In Fig. 14 the protective wrapping is finished off to a taper, whilst 
in Fig. 17 the inner wra])ping is finished off in steps. The step formation 
is not so resistant to heat, but the design is ])ossible on account of the 
lower temperature of the electrode in that full advantage can be taken 
of its peculiar resistance to deposit- In addition to the improved heat 
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conductivity of the electrode, the gland is no longer isolated. With the 
plug in Fig. 17 the gland is of tubular form, and after contraction is 
turned on its outside diameter and firmly pressed into the gland nut, 
so that heat is not retained in it hut can flow readily to the body of the 
plug. These two improvements in heat conductivity compensate for the 
loss of heat resistance of the stepped wrapping, and permit a design of 
added resistance to the formation of carbon deposit. 

Heat-resisting Electrode for High-campression Engines and Large Pocket 
for Excessive Oiling 

The plug shown in Fig. 1 8, although the general arrangement appears 
to be very much the same, has an electrode made from a non-scaling 
steel (something like exhaust-valve steel) which also retains its strength 
at high temperatures. It is smaller in diameter, but its heat conductivity 
is increased by a copper tube pressed on to it. An inserted firing-point 
of nickel alloy is retained, as in Fig. 17. The main, difference, however, 
is that this design no longer depends on the longitudinal compression 
of the protective washers to provide a gas seal, as in Fig. 16. Instead, 
a gland of steel in tubular form is used, and this is contracted on to the 
insulation wTrapping, which is reinforced, under the tube, so that a gas- 
tight joint is secured at this point quite independent of the protective 
washers. This results in a much higher factor of safety for the plug as 
a whole, and avoids the risk of the washers being compressed to a 
dangerous point in the effort by the inexperienced to make the centre 
gas-tight. 

Plug designed for the Special Conditions of the Model T Ford 

The foregoing practically covers the methods adopted hy the K.L.Gr. 
Company to produce a plug to cover both the heat range ” and the 
resistance to corrosion, but Fig. 19 gives some idea of the extremes to 
which plug makers are forced to go to produce the correct plug for certain 
engines . The Ford plug (Fig. 19) was produced to meet the requirements 
of the old Model T, in which the gas temperature was abnormally low 
(the compression ratio w^as only 3-6 to 1), while the supply of oil in the 
combustion chamber was liberal. The difficulty was to provide an 
insulator which would be heated sufficiently by the low gas temperature 
to enable it to defend itself against the oil. With this object in view, the 
mica wrapping was allowed to extend beyond the end of the electrode 
and the gas chamber was entirely eliminated, so that the wrapping 
extended right into the combustion chamber in the form of a skirt 
which would collect all the available heat. The actual firing-points 
were made of small-diameter wire, and the external surface of the mica 
was stepped in order to increase still further its resistance to oil, whilst 
the spark gap was formed to give the least chance of being bridged wdth 
lie laid oil. The Model T has almost gone, but it afforded an excellent 
example of plug design. 



SPARKING PLUGS [vol. iv.] 525 

T^vo-strol^e Plug desigaed for High-temperature Engines with no Oiling 
Irotible 

The extreme in the opposite direction is shown in Fig. 20. It Avas 
designed for a two-stroke engine in which the gas heat was Tery high 
although the trouble from over-lubrication did not exist. The electrode 
was of copper with the largest amount of wrapping possible. The large 
bundle of wrapping was inserted in the plug, and then the whole body 
was swaged down to compress it into a solid gas-tight mass. After 
compression the inner end of the wrapping was turned off flush just above 
the bottom of the plug, and the earth wire was inserted to make the gap. 
This resulted in a surface of ‘‘ end-grain ’’ compressed mica and. although 
the leakage path was very short, it proved to he long enough in a clean 
engine. 

The Right Plug for the Engine is more than an Ordinary Precaution 

There are any number of designs of plugs on the market, but it is 
advisable to use those with talented research behind them. It never 
was a case of any old plug will dof’ even with the original low -compres- 
sion engine, hut the modern engine requires a plug of first-class :^sh 
and with first-class brains behind it. We have not yet got to finality 
in plug design, exactly as we have not yet got to finality in engine design. 
Until then it is a case of experimentation, and only those with well- 
equipped experimental departments are likely to meet requirements. In 
any case it is as well to remember that the best of plugs wear out ; there- 
fore there comes a time when the plug can no longer be of any economic use. 

Large Spark Gaps under Certain Circumstances 

There seems to be a great deal of misunderstanding about wide gaps 
in the region of *040 in. to -060 in. As a matter of fact, the wide gap 
is a feature of the Vauxhall Ten, and in this engine it has undoubtedly 
contributed to low petrol consumption, but this low consumption is 
attained by carburettor setting and a system of gas distribution that 
provides each cylinder with such a uniformity of weak mixture that 
performance is enhanced. The shape of the combustion chamber has 
much to do with the results obtained. From this it is obvious that the 
mere widening of the gaps in any engine which has not been designed 
and adjusted for an abnormally w'eak mixture will have no effect and 
only lead to some form of ignition trouhle. With normal running (not 
racing) the Lucas and other first-dass coils will stand up to the work, 
but the outside insulation of the plug, if dirty or too short, may permit 
the current to flash over the terminal to the body of the plug, and more 
especially in damp weather on starting first thing in the nioming. The 
fact, however, must be faced that the wdiole of the ignition will be more 
highly stressed by experimenting with wider gaps, and the result, 
unless the engine is designed for the change, is not worth the trouble 
plus the likelihood of ignition failure. 



TESTING IGNITION COILS AND 
CONDENSERS 

By 8. a. MUIMBY, M.I.E.E., A.M.I.A.E,, M.T.M.T. 

COIL TESTING 

T here is a considerable ^rariety of apparatus oiFered for testing 
ignition coils. Most of these testing devices depend upon a visual 
test of the length of the spark as a measurement of the efficiency of 
the ignition coil. To test ignition coils merely hy spark length is not, 
in itself, a sufficiently accurate indication of the ability of the coil to 
function satisfactorily on the engine. 

Conditions which Affect Length of Spark 

There are a very large number of conditions which affect the length 
of spark and which make it difficult to establish a standard. 

To analyse the problem, we should consider what leads up to the 
creation of a spark across the sparking-plug gap. When the contact- 
breaker points are closed, current flows in the ignition-coil primary 
circuit. When these contacts separate, the ignition coil begins to build 
up voltage in the coil secondary winding at a very rapid rate, something 
in the order of 50,000.000 volts per second. This voltage rise, however, 
continues only for a v'ery short period, and until sufficient voltage is 
induced to cause a spark to jump the sparking-plug gap. There are 
many conditions which affect the voltage required to produce this spark, 
such a-s the teniperatiire, the uatnre of the gases around the sparking- 
plug gaj), etc. 

If, for ercample, 5,000 volts are required to produce a spark under 
the conditions \\hich exist in the cylinder, the period of voltage rise 
would be only -j sec. Under this condition there is no need for a 
liigher voltage, and if the time interval or the period during which the 
contact-breaker points were open is longer, it means that the current 
w'ill dew across the sparking-plng gap for a longer period. 

Ill practice, the design may retpiire a spark of a given voltage but 
longer dumtion ; such coils have a fewer number of secondary turns. 
On the otlier hand, the design may call for a coil with more than the 
usual number of secondary turns to give a higher voltage of shorter 
duration. 
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It will be realised from these considerations that the design of an 
ignition coil is, in practice, highly complex:. We have to consider the 
conditions which control the voltage which the coil can deliver to the 
sparking plugs, including the primary current, number of secondary 
turns, the primary inductance, the resistance of the secondary circuit, 
and its electro -static condition. 

Can Coil Make Up for Losses Caused by Faulty Plug? 

Another factor which must also be considered is the sparking plug 
itself. The insulating resistance of a sparking plug lias an important 
effect upon the length of spark wEich the ignition coil is able to produce. 
This resistance is the extent to which an electrical leakage can be 
prevented across the porcelains or through the deposits wliich form on 
the porcelain. 

It will be appreciated that satisfactory results in ignition-coil testing, 
and particularly ignition-coil replacements, cannot be carried out in a 
haphazard way. We must be satisfied firstly that our methods of testing 
are correct, and secondly that all replacement coils w^e may fit are of the 
most suitable design for the characteristics of the engine. 

The ideal ignition coil is one wMch is capable of producing a length 
of spark across the plug gaps to deal wdth all, normal operating conditions, 
but to have a reserve to make up for any loss occasioned by a leaky plug. 

A coil which has a very long spark length, as measured on the spark- 
gap test, may have quite a low secondary current, and in consequence 
not the same reserve as with a coil which has a relatively low number of 
secondary turns. 

These various considerations show that theoretically eorrect and 
complete methods of coil testing are extremely difficult to provide. 
To carry out coil testing properly and to predict the performance of the 
coil under operating conditions it is necessary to get a very accurate 
indication of the characteristics of the secondary ciuTent. This means 
that an oscillograph should be used, which will show a picture of the 
peak value of each secondary-current impulse and its duration. This 
class of equipment is not practical for normal service ; it comes in the 
category of laboratory instruments. 

Comparing Coil under Test with Master Coil 

For general service work a suitable alternative is to test a coil by 
comparison with another coil of the same make and type, and to use 
testing equipment which indicates not only the length of spark but <\Uo 
measures the current consumption of the coil. It is a fallacy to jiidge 
an ignition coil entirely hy^ the length of spark it produces. If this test 
is coupled with a measurement of the current eonsuinption, and a cheek 
is taken to see that this current consumption is normal, and the coil 
being tested is compared with another coil of the same make and type. 
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it shoiild lie possible to deal with ignition- coil troubles with, practical 
satisfaction. 

One other very important factor ahvays to remember is that merely 
changing the coil will not remedy all ignition troubles of modern high- 
speed, high -compression engines. Every other possible trouble must 
be carefully tested and eliminated. 

Coil Replacements 

When dealing with coil replacements a lot of uncertainty exists. 
There are many replacement coils offered to the trade with all sorts of 
claims to superiority and ability to correct various kinds of ignition 
troubles. Such coils are advertised as superior coils and high-speed 
coils. Care should, however, always be taken in deciding whether to 
use one of this type in preference to the standard type as fitted to the 
car by the manufacturer. 

The selection of an ignition coil, as we have already seen, is not a 
haphazard job. The coil characteristics are carefully considered hy the 
car manufacturer, and he selects a coil which is capable of suiting the 
characteristics of the engine to which it is fitted. It is for this reason 
we suggest that the wisest course is the use of a replacement coil of the 
same make and type as originally fitted to the car. 

Such manufacturers do not always consider the entire ignition system 
in the design of their coils. It must be appreciated that the ignition 
coil is only one part of the complete ignition system, and the aim of 
correct service is to ensure that the whole system is complete. 

CONDENSER TESTING 
Important Facts about Condensers 

The condenser is one of the most important electrical components 
on the car ; its function is to prevent arcing at the contact-breaker 
points. If the condenser fails, these points will rapidly burn, and the 
hole will make the engine inoperative. 

The conditions under which the condenser operates are very stringent. 
The normal condenser can perforin its duty in about To-umr sec., and 
arcs only ^ fire the complete number of cylinders. 

Some indication of the importance of the condenser, and with it the 
contact-breaker points and coil, is to remember that these three units 
perform the conijilete operation six times as often as any one of the inlet 
or exhaust valves in a six-cylinder engine. The failure of any one of 
the three parts will make the engine inoperative, whilst it will still 
continue to run after a fashion even if several valves are out of 
eominission. 

It is a mistake to consider these small electrical components as 
coinparatively unimportant. 
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It is equally important to remember the necessity of a proper balance 
being maintained between the components to ensure a satisfactory 
performance. Whenever a car is brought in for service a test should be 
made of the contact-breaker points, coil, and condenser. 

Using Capacity Meter 

The most satisfactory method of testing condensers is to use a capacity 
meter. An instrument which gives true readings in actual microfarads 
is very expensive to provide, and most service instruments used give a 
comparative microfarad reading on a graduated scale, where limits have 
heen established by checking with various types of condensers known to 
be in thoroughly sound condition. These instruments, properly used, 
are quite satisfactory in determining whether the capacity of a condenser 
is sufficient for satisfactory performance. 

The capacity of the condenser can vary through rather wide limits 
before it fails to prevent arcing across the contact-breaker points. Quite 
satisfactory performance may be obtained with condensers which vary 
in capacity between as much as *15 to *40 mfd. 

For service requirements, cars of high-speed operation are usually 
fitted with condensers which have a capacity for lower limits ; for cars 
with normal slow-speed performance, the condensers which give the 
best results are those with capacities near the higher loads. For normal 
operating conditions in standard pleasure cars the best results are 
produced by a condenser with, medium capacity. 

The capacity of the condenser is the main factor to consider. 
Insulation resistance is not so important. A resistance type of test 
should never be depended upon to determine the worth of a condenser. 
A reading down to 2 megohms is satisfactory, although many condensers 
will give a much higher reading than this. 

Indications of Faulty Condenser 

Lack of capacity is the most usual cause of condenser failure 
and resultant pitting of the contact-breaker points. This pitting can, 
however, be caused by a condenser wLich is of too Ioav or too high a 
capacity, as well as by an actual failure of the condenser. It is not 
possible to check whether condensers are over- or under- capacity by 
any standard shop test. They should be allowed to operate for a few 
thousand miles before a check is made. If, after a fe^y thousand miles' 
running, a tendency towards pitting is noticed, observe which contact 
point shows signs of pitting. If the system is earthed negative, the 
formation of a hole in the said contact point indicates that the condenser 
is under-capacity, whereas if the pitting took place in the arm it would 
suggest over-capacity. If the system is earthed positive, the position 
would be reversed. Do not place too much reliance on this rule, because 
such conditions as loose connections, high charging rates, or a condition 
of high voltage would affect the position. 

M.R.O. IV. — 34 
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Comparative Test 

Tor service testing of condensers a. test used with success hy many 
garages and service stations is a comjjarative test, where the operation 
of the ignition system with a given condenser is checked by replacing 
the condenser with a master condenser known to he in good condition. 
If the substitution of the master condenser improves the performance a 
new condenser should be fitted. It is also worth while, where the cost 
of the necessary equipment is not a handicap, to check the condition of 
the condenser by a capacity test, using reliable equipment. When 
making such tests the condenser should he jarred in order to show up 
any possible weakness due to loose connections, which are quite a 
frequent cause of trouble. 

When replacing condensers, make certain that the replacement unit 
is of rehahle manufacture, preferably of the same type and make as 
originally fitted on the car, and also take care to see that external 
connections are clean and tight. 



THE ELECTRICAL EQUIPMENT ON 
THE MORRIS EIGHT AND TEN 

MORRIS EIGHT (SERIES “E”) 

To obtain Access to Instruments and Windscreen-wiper Control Mechanism 

F irst disconnect the ba,ttery positiv'e cable by relea^sing the 
pinch, holt of the terminal lug and withdrawing the lug from the 
post. 

The starter-switch control wire should be released from its attachment 
to the scuttle just abo^e the toe-board, and the mixture -control cable 
should he detached from the carburettor. 

Disconnect the oil-gauge pipe by unscrewing the union nut attaching 
it to the oil gauge, and disconnect the speedometer cable from the back 
of the speedometer. 

RemoTe the bakelite knob of the windscreen -wiper control hy slacken- 
ing its retaining grub-screw, and unscrew the central screw retaining the 
windscreen control handle on its spindle, withdrawing the handle. 

The two screws at the top of the instrument panel and the tw^o small 
hexagon nuts located at the hack of the panel at the bottom should be 
unscrewed, thus releasing the panel, which can now be withdrawn suffici- 
ently to giwe the necessary attention to the instruments or wiring. 

Removal of Windscreen-wiper Assembly 

The windscreen-wiper motor is released hy removing the two nuts 
with plain steel and rubber washers from the inside of the scuttle, dis- 
connecting the two wires from the motor, making a note that the lead 
coloured green and purple is attached to the terminal which is nearest 
to the scuttle, and easing the motor away from its attachmeut to the 
scuttle, towards the battery. 

The wiper blade is released from its spindle by slackening the cheese- 
headed clamp-screw, enabling the arm to he Avithdra wn, together with the 
rubber sealing ferrule. 

The drive spindle is released from its bracket by unscrewing the two 
retaining screws, which enables both spindles, together with the connecting 
link, to be wnthdraAcn . For the purpose of reassembly it is wise to note 
that the green and purple Avire is connected to the top and the black wire 
to the bottom of the switch terminal clip. 

The connecting link is detached, wdien required, by remoAung the split 

o31 
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pin, steel washer, spring, and felt washer, which should be reassembled in 
the reverse sequence. It should also he noted that a felt washer is provided 
on each side of connecting link. 

When reassembling the components it is important that the wiper 
blade should he correctly located on its spindle, so that it is parked on the 
offside and with the hlade clear of the lower edge of the windscreen. 

Removing the Windscreen Control 

When the instrument panel is released, access is obtained to the wind- 
screen control mechanism, which can then easily be removed hy undoing 
the cheese-headed setscrew which attaches the control chain to the lug on 
the bottom of the windscreen, unscrewing the four screws attaching the 
forward end of the guide to the scuttle, and releasing the drive spindle 
from its bracket by undoing the two fixing screws, thus providing sufficient 
clearance at the forward end of the control to allow room for its extraction. 

When replacing the control it should be noted that the four holes in 
the attachment bracket are elongated to permit proper alignment, and 
that the control position must be checked on reassembly before the 
attachment screws are finally tightened up. 

Maintenance of Special Electrical Equipment 

Most of the compensated-voltage electrical equipment fitted to the 
Series “ E ” Morris Eight follows normal Lucas practice, and is attended 
to ill the manner described in the sections of the work dealing with Lucas 
equipment. 

Headlamps 

The main departure from normal practice is to be found in the head- 
lamps, which are sunk into the wings and of special design. 

These lamps are provided with dip-and-switch mechanism in which the 
nearside reflector dips on the operations of the switch, while the offside 
lamp is simultaneously switched off. 

The dipping reflector and dipping mechanism follow normal Lucas 
practice, and need no further amplification here. 

The proper focus of the bulb is attended to at the works and, provided 
it lias not been interfered with and the correct Lucas bulbs are employed, 
the headlamp beam should be satisfactory. The correct bulb is a Lucas 
No. 106 of 6 volts, 24 watts. 

If the bulb needs resetting at any time, this is achieved by removing 
the lamp front by unscrewing the attachment screw at the bottom of the 
rim, withdrawing the rim in an upward and forward direction, and setting 
the bulb in one of the three alternative notches provided in the bulb 
holder till the best illumination is obtained. It is essential after each 
adjustment to check the effect with the front in positioUj and the other 
lamp should be covered so as not to confuse the result. 
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Lucas 6-volt electrical equipment is used, as follows 


Dyaamo : C45YV A 108 
Starter : M35G L2 
Switch: PLC2L47 
Regulator and fuse uait : 
Battery: STXW^ E 
Coil: 6Q6L 


Accessories fuse, 25 amps 
Dipping reflector fuse, 10 amps 
Bulbs : Main, N’o. 106 ; pilot, Yo. 200 : 
RF91 L “stop” tail lamp, No. 200; ignition 

'warning light, No. C252A ; panel lamps. 
No. 200 ; trafficators, Ko. 255 

{Joseph Lucas, Ltd.) 
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Dynamo : C45y Y L 

Starter : M418G L 

Switch : DLC2 L43 

Degulator and fuse unit : RF91 L4 

Battery : STX\Y9A or BNW9A 

Distributor : DK4A A 109 

Coil: Q12L 


Accessories fuse, :25 amps. 

Dipping reflector fuse, (5 amps. 

Bulbs : Headlamps, No. 54 ; side, “ stop,” 
and tail lamps, No. 207 ; ignition warning 
light, No. C252A ; panel lamp. No. 1224M ; 
trafficators. No. 256 


(^Joseph LzLcas, Ltd.) 
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Should the beam of the lamps be pointing too far upYrards or doYm- 
waxds, ox too imicli to one side, the alignment may he corrected, after 
removing the lamp front, hy slackening the four hexagon-headed screws 
locating the lugs of the reflector to the lamp housing. The lugs are 
slotted for adjustment, and when the locating screws are released the 
reflector can easily be moved into the desired position. 

Here, again, it is essential to test the results of the adjustment with 
the front replaced, before tightening up the locating screws. 

If the Dipping Reflector Sticks 

Should the dipping reflector become stuck in one position, examine 
the reflector pivots, and if they appear dry, lubricate with a drop of thin 
machine oil such as Oilit.” 

If the bearings are free, examine the cables at the hack of the reflector, 
and make sure that they are not fouling the reflector or dipping mechanism. 

Another source of sluggishness is due to the plunger of the dipper unit 
sticking. This can usually he cured hy applying the very shghtest smear 
of thin machine oil on the plunger, and this is best carried out hy dampinga 
piece of cloth with the oil and wiping the plunger with it. Make sure that 
an excessive amount of oil is avoided or other troubles will beset the 
mechanism. 

Damage or wear which upsets the setting of the actuating solenoid 
will often manifest itself by oscillation of the reflector. This is remedied 
by resetting the gap of the switch contacts, which should have a clearance 
of between • 0 10 in . and *01 8 in, when the solenoid plunger is fully withdrawn 
into the solenoid. The switch gap is set by packing under the pin at the 
end of the plunger, as this adjustment is seldom called for. 

MORRIS TEN (SERIES ‘‘M”) 

Balancing the Trafficator Switch 

In cases of complaint that the self-cancelling trafficator switch is not 
functioning correctly in both directions, rebalancing of the self- cancelling 
switch may be necessary. 

Attention to the switch should be carried out in the following manner : 

Disconnect the })ositive terminal from the battery, and separate the 
wires leading out of the base of the steering column at the four connecters 
which are to be found just in front of the front olfside engine bearer 
bracket. Unsolder and remove tlie four end caps from the wires. 

Slide off the rubber sheathing from the cables and unscrew the hexagon 
nut from the tube projecting from the bottom cover of the steering- 
gear box. With a suitable drift of soft metal, carefully tap the bottom 
end of the projecting stator tube through the olive of the locking nipple 
as far as it will go. 
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This will enable you to withdraw the control disc in the centre of the 
steering into the car some 4 or 5 in., so that the switch mechanism at 
the upper end of the stator tube is exposed. 

The front wheels should now’’ be set in the straight-ahead position, 
and the trip ring located in the hollow centre of the steering -wheel 
adjusted so that the knock-ofF cam is located exactly at the bottom of the 
wheel in the six o’clock position. This is effected by releasing the screw 
which passes through the side of the steering-wheel hub, thus pressing 
the trip ring, ’v^hich can he moved into the desired position. 

When the desired position has been attained, the locking screw in the 
hub should he tightened up again, enabling the stator tube and switch 
assembly to be pushed back into position with the switch at the top of 
the steering wheel at the twelve o’clock position, taking care to see that 
there is sufficient clearance between the baseplate of the switch and the 
steering wheel to prevent contact at this point. 

The locking olive is next placed over the lower end of the stator tube 
where it projects from the bottom cover plate of the steering-gear box, 
followed by its hexagon nut, which should be tightened up while an 
assistant ensures that the switch assembly does not move at the upper 
end. 

The caps may now be soldered to the wires and the wires recon- 
nected to the connecter on the cable harness. 

Withdrawal of the Instrument Panel 

Remove the bakelite handles of the windscreen-wiper control by 
releasing the small grub-screw attaching them to their spindles. 

Disconnect the positive cable from the battery by releasing the 
pinch-bolt of the terminal lug. 

Unscrew the union of the oil-gauge pipe from the oil gauge, and release 
the speedometer cable from its attachment to the speedometer. 

Unscrew the two screws at the top of the instrument panel and the 
two small nuts located at the back of the panel at the bottom, just below 
the speedometer and oil-gauge dials. 

This will enable the instrument panel to be withdrawn, raising it to 
clear the control spindle for the speedometer trip. 

The instruments are attached by bridge pieces or ring clamps, and 
their withdrawal presents no difficulty. 

Removal of Windscreen-wiper Mechanism 

In order to remove the windscreen- wiper mechanism it is first neces- 
sary to withdraw the instrument panel from the fascia board as already 
described, not forgetting to disconnect the positive cable from the battery. 

Lift tlie offside bonnet panel and disconnect the two leads from the 
windscreen-wiper motor, noting for purposes of replacement that the 
pnrple-and-black lead is attached to the terminal nearest to the scuttle, 
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Remove the wiper blades from their spindles by releasing the cheese- 
headed attachment screws, and withdraw^ the rubber sealing ferrules. 

Withdraw the dual-operating mechanism links by extracting the 
split-pins from the three bearing pins, noting that the correct order for 
reassembly is : felt washer, link, felt washer, plain steel washer, spring, 
plain steel washer, split-pin. 

Remove the blade -spindle assemblies by undoing the twm round- 
headed screws having spring and plain washers, which locate each 
spindle to its bracket. The ofifside spindle assembly incorporates the 
control switch, of course, and carries two leads for the switch. 

Should the switch wires he disconnected at any time, remember that 
the top lead is the green-and-purple, and the lower lead the black one. 

When reassembling, care must be taken to locate the wiper blades 
correctly on their spindles, remembering that the nearside blade should 
park on the nearside and the offside blade on the offside, and that the 
blades should lie clear of the bottom edge of the windscreen when in the 
parked position. 

The windscreen-wiper motor, is attached to the engine side of the 
scuttle hy two long screws, and is readily removed by releasing these 
screws. ■ 

When replacing the motor, do not forget the insulating pad on which 
it seats. 



COIL IGNITION 

OPERATION, FAULT LOCATION, AND REPAIR 

r is essential to "be fully conversant •with certain fiaidamental electrical 
principles before those interested in the location and remedy of faults in 
coil-ignition equipment can he fully s-nccessful. 

Principle of Operation 

Fig. 1 shows a coil of wire connected across a battery through a 
switch. When the switch is closed a current will flow through the coil of 
wire. It sets up magnetic liires of force, as showm in Fig. 2, -which are 
known as a magnetic field. If a piece of soft iron is placed in the centre 
of the coil, as in Fig. 3, the number of lines of force is increased, because 
iron is an excellent conductor of these magnetic lines of force known as 
magnetic flux. 

Nq-w, if M e place a conductor in this magnetic field so that it forms a 
closed circuit (see Fig. 4), and place in this circuit a delicate measuring 
instrument, such as a galvanometer, we will find that at the moment 
that W’e connect the battery a momentary flow of current will take 
place, and similarly w^hen the battery is disconnected a momentary 
current -will again flow. In short, wiieii a change in the rate of current 
flow through the coil connected to the battery takes place, a current is 
induced in the conductor through the medium of the magnetic fleld. It 
is to be clearly noted that current is only induced during the small period 
during w'hich there is a change in the rate of current flow. 

The amount of current induced in the conductor is dependent upon 
three things: (1) the number of magnetic lines of force with which it 
conies into contact ; (2) their intensity, and (3) the rate of current 
change. 

The Ignition Coil 

If, therefore, we make the conductor take the form of a coil closely 
embracing, but insulated from, the coil connected to the battery, and give 
this second coil a large number of turns, obviously we shall obtain in it a 
very large induced current, which can be made very considerably stronger 
tlian the battery current. This arrangement is shown in Fig. 5. 

Here we have an iron core composed of a bundle of soft iron wires, 
on which are wound several turns of, say, 20 S.W.G-. enamelled copper 
wire insulated from the core ; over the top of this, but in no way con- 
nected, are wound a great many turns of a much finer wire — say, 45 S.W.G. 
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Swtoh 




Fig. 1. — The cir- 
cuit A-T REST 

That is, the 
switch in the off 
position. 


Fig. 2. — CuBRENT tlowinCt 
through: cmcvxT 

Showing magnetic lines of 
force which are set up in coil 
at right angles to the current. 


Fig. 3. — An iron core placed in 
com rNCBEASES THE NrCTMBER OP 
LINES OP FORCE 


enamel" covered— the two ends of this winding being brought ont to a 
spark gap. 

In order to identify the two coils, the one connected to the battery is 
known as the “ primary coil,” and the one in which current is induced is 
known as the secondary coil.” 

The primary coil in practice consists of a few turns of relatively 
heavy -gauge wire, while the secondary winding consists of a large number 
of turns of fine-gauge wire. 

How High Voltages are Obtained 

In the case of the primary winding the current generated is very small, 
and is taken care of by means that are described later in this chapter. 
The current induced iu the fine winding is, however, of a much iiigher 
value, owing to the great number of turns embracing the magnetic flux, 
Tor example, let us assume that the flux change is siicli that in one turn 
or loop 1 volt is induced. Then, if one thousand turns or loops are con- 
nected ill series in the secondary winding, the voltage induced will be 
1,000 volts. 

The Contact Breaker 

In practice a simple make-and-break switch, operated by a cam driven 
from the engine, is used to open and 
close the circuit of tlie jorimary coil, 
the opening and closing of this switch 
being timed bo eoiiieide with the point 
at which the spark is required. This 
switch is referred to as the “ contact 
breaker,” as in Fig. 6. 

In the sequence of events described 
and illustrated in Fig. 5, there w'ould 
be no spark at the spark gap when the 



Fig. 4. — A CURRENT is indtced is a 

LOOP OF WIRE BY ALTERING NUMBER 
OF MAGNETIC LINES OF FORCE EM- 
BRACED BY THE WIRE 
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Fig. 5. — Tee phincipiles ilxu- 
STRATED IN PIGS- 4 AND 5 
COMBINED 

When the switch is opened a 
leu’ge voltage is induced in the 
great many turns of the finer 
wire. By means of the con- 
denser shown connected in 
Fig. 7, this operation is made 
to cause a spark at the gap. 


sivatch was opened, and the flux would fade 
away unless the gaj) was extremely small. 

The reason for this is because the current 
ill the primary winding still tends to flow when 
the switch is opened as indicated by an arc at 
the switch contacts. Once a current is set in 
motion it resists being brought to a standstill 
and acts as though it possessed weight, and, 
again, there is the induced voltage from the 
magnetic flux, which acts as a sort of back 
pressure. This current prevents a rapid fall 
of magnetic flux, and causes the flux to de- 
crease slowly and become ineffective for 
inducing a high voltage in the secondary 
winding sufflcient to junap the required spark 
gap. 

Why does no spark occur at the spark gap 
when the swntch is closed and the current in 
the primary magnetises the iron core, thereby 



changing the lines of force embraced by 
the windings ? Because the rate of change 
is too slow ; the primary takes a certain 
time to build up. 

Why a Condenser is Used 

The secondary voltage is built up 
sufficiently to jump the spark gap by 
connecting a condenser across the switch 
or niake-and-break. The condenser also 


Fig. 6. A CONDENSER ACROSS THE 

SWITCH OR CONTACT BREAlCEB IN 
THE PRIMARY' CIRCUIT PREVENTS 
THE SPARKS OCCURRING AT THE 


prevents the sjjark occurring at the con- 
tact-breaker points when they open. Fig. 6 
shows the addition of a condenser to the 


POINTS WHEN THEY OPEN primary circuit. 


A condenser in some respects re- 
sembles a reservoir. It is a device which absorbs and holds an electric 


charge, and gives off the charge w^hen its terminals are connected in 
circuit. 


The construction varies slightly according to requirements. A coil 
condenser is usually built up of alternate strips of tinfoil insulated from 
each other by waxed paper, each alternate strip of tinfoil being connected 
similar to the positive and negative plates of a battery, the waxed paper 
acting as the separators. To facilitate manufacture, the paper type of 
condenser is made in a long strip rolled up, fitted and sealed in a metal 
container and made practically airtight. 

The magneto condenser is more open, and is constructed of alternate 
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sheets of mica; and 
tinfoil, the whole 
assem bly being 
pressed together 
and yamished. 

How the Condenser 
Works 

The condenser 
offers an alternate 
and easier path to 
the current, w^hich 
would cause the arc 



across the points — ^THEOREncAi, diagram showing esseotial pabts of 

A COIL-IGNITION SYSTEM: 

It hrmgs the current 
in the primary to 

rest almost instantaneously, thereby causing the magnetic flux to fall 
to zero with great rapidity and induce a yery high voltage in the secondary 
circuit. 


At the moment the contact points open, the voltage from the primary 
across the condenser -will be at its maximum and the condenser will 


become charged at this voltage, but the smallest fraction of a second later 
the yoltage on the primary circuit will have begun to fall below the voltage 
of the condenser, and consequently the condenser will discharge itself on 
the primary winding in the reverse direction, and thereby further assist 
in bringing the primary current to a standstill. This sequence of events 
takes place with a rapidity that is almost beyond imagination. 


IGNITION COILS 

There are several types of ignition coils in use, hut the underlying 
principles are the same for each. The variations are chiefly in the method 
of construction. 


Current Consumption of Coil 

The current consumption of the coil when the engine is running 
ordinarily is in the neighbourhood of 1 amp., due to the intermittent 
make-and-hreak. The faster the engine runs the lower will be the 
consumption of the coil, and vice versa. 

The current consumed by the primary with the engine stopped varies 
from 5 to 10 amps., according to the make of coil. 

The current consumption of a coil is less when the engine is running at 
high speed because the primary is in circuit over a shorter period of time, 
owing to the rapid make-and-break. As the speed of the engine increases 
the strength of the high-tension current decreases slightly, but xmoviding 
that the correct coil and distributor are used, the high-tension spark avail- 
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al)le is well above its 
required intensity for 
the absolute maximum 
speed of the engine. 

Internal Connections of 
Ignition Coils — Earth- 
return Coil 

The secondary wind- 
ing is connected to the 
primary if the coil is 
earth-return, as shown 
in Eig. 8. This lias 
several advantages : 

(1) It reduces the 
possibilities of the secondary winding breaking down, and sparMng on 
to the primary, because it is obvious that one end of the secondary lias 
got to go to earth and act as the return for the high-tension current 
jumping across the plug points. 

(2) The coil case does not need any particular attention in fitting by 
wuy of earthing to the frame of car ; and 

(3) It obviates the possibilities of breakdown of the secondary to coil 
case. 

It will, of course, be obvious that the secondary has a perfect path to 
earth through the battery and earthing strap. 

Insulated-return Coil 

The secondary of an insulated return coil is earthed to the metal case, 
because it is the only direct joath to the frame of the car, and it is essential 

to see that this type of 
coilisefficientlyearthed. 
It will be seen by trac- 
ing out the secondary 
circuit in Pig. 9 that 
the only way in which 
the high-tension current 
can go to earth is by 
way of the coil case or 
by leaking and jumping 
to earth through insu- 
lation of the lighting 
wires. If, therefore, the 
coil is not sufficiently 
earthed the secondary 


To Jgnition 

Mtch H.T. to D/strfbutor 



Fig, 9. — Details of ai; insulated -retuhn coil -ignition 

SYSTEM 


To Ignition 
Sw/tch 


tiJ. to DistrrbutoP _ 


Condenser £art/ied 



tsrthed earthing of the 

cot! case is imrr?aterJai 

Fig. 8 . — Details of an earth- 
cmcuiT 


^larthea 


COIL-XGNITION 


Compare with msulated return system shown below. 
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has to find an alternative path to earth 
— this will pnt a strain on the secondary- 
winding, which will result in the insula- 
tion breaking down on the winding, 
allowing the secondary current to jump 
to the primary and then to earth via 
the car wiring. 

Operation of Contact Breaker 

The contact breaker in Figs. 8 and 
9 takes the place of the switch in 
Fig. 1. There will also he a controlling 
switch in the battery circuit for switch- 
ing on and off. In each case the 
condenser is connected directly across 
the breaker points. 

The rotating cam opens and closes 
the points, allowing the battery -current 
to flow through the primary winding. 

The number of lobes on the cam depends 
on the ntiniher of cylinders on the 
engine. A four-cylinder engine Avillhave a four-lobe cam, a six-cylinder 
a six -lobe cam. There are, howwer, exceptions to this rule in the case of 
six-cylinder and eight- cylinder engines. The contact breaker in Fig. 10 
has a three-lohe cam with two sets of contact points, which are arranged 
to open alternately. This arrangement is also used on eight-cylinder 
distributors. 

Since each cylinder of a four-cycle engine fires once every two revolu- 
tions, it is obvious that the cam will run at half engine speed. 

Having studied the principle and layout of the coil -ignition s^^stem, 
let us now proceed to examine defects and remedies. 


JFig. 10.' 
A, 


OF A. DOUBXE-LEVEIt 
TYPE DISTRIBUTOR 

contacts. £, looking screw. 
0, adjustment screw. £), wick lub- 
ricating cam. JE, oil hoi© for cam- 
lubricating wick. 


FAULT LOCATION ON COIL-IGNITION SYSTEMS 
Simple Lamp Testing Equipment 

The most useful piece of testing apparatus for fault location on coil- 
ignition systems is a 12- volt, 24-Avatt S.B.C. lamp wired to a miniature 
lamp holder, and about a yard of twin flex. 

See that Battery is Charged 

In the following we are assuming that in every instance the battery is 
in a reasonably charged condition sufficient to supply the current neces- 
sary for the coil primary. This can be checked by switching on the lights 
and trying the self-starter. If this w^orks satisfactorily without unduly 
dimming the lights, the battery may be judged to be satistactoiy . It is as 
well to point out at this juncture, how^ever, that very often the lights will 
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appear normal, but on using the starter they will dim considerably. 
When these eirctinistances obtain, starting should be done by hand, 
because the starter will be putting too big a load on a partly discharged 
battery, the result being too great a drop in voltage to allow the coil to 
ftmction. 


IF CAR REFUSES TO START 
Is Primary Circuit in order? 

The first thought in this case should he — is the circuit in order ? This 
is usually indicated by the discharge reading on the ammeter, when the 
ignition is switched on. Should, any doubt exist, however, this can he 
proved by removing the distributor cap and connecting the 12-volt test 
lamp across the contact points. The engine should then he cranhed hy an 
assistant and when the points open the lamp should light. As the points 
close again the lamp should go out. If no assistance is available, the open- 
ing and closing of the points may be done by flicking with the finger. 

Indications of Defect in Wiring or Connections 

When performing this operation, it should be observed that there is a 
definite clearance between the rocker-arm heel and cam when the points 
are closed. When using a 12-volt lamp on a 12-Yolt circuit, it should glow 
to full brilliancy when the points are open ; this will indicate that the 
current passing is sufficient to work the coil. Should the lamp not glow to 
its full brilliancy, then there is a resistance in the circuit due to some defect 
in connections or wiring. It is, of course, obvious that a 12-volt lamp 
used on a 6- volt circuit will glow to only half brilliancy. Should you 
wish to^use a 6-volt lamp for this test, a 6-volt, 18-watt is recommended. 

Faulty-contact Points 

If the lamp remains alight or dims slightly when the points appear 
closed, this indicates faulty contact at points, due to one or more of the 
following causes : sticking rocker arm (rusted or tight on fulcrum pin) ; 
badly burnt and oxidised contacts ; rocker -arm heel not clearing cam in 
closed position (due to point gap being too wide). 

The point gap should be not less than 15 thousandths, not greater than 
18 thousandths (consult maker’s recommendations). 

Short-circuit or Open Circuit 

A definite open circuit or short-circuit is indicated if the lamp) does not 
light at all. 

Testing for short-circuit 

Remove the distributor battery wire and connect the test lamp in 
series with the battery wire and distributor terminal. 



COIL IGNITIOX [YOL. n^] 545 

FAULT -TRACING CHART FOR COIL IGNITION 


Symptoms Likely Ca uses of Trouble 


(A) Misfiring on one cy- (L) H.T. cable detached ; (2) cable in- 

linder. snlation faulty; (3) wires broken in 

cable ; (4) plug fouled or faulty ; 

(5) plug gaps large ; (6) tracking over 
distributor surface — externally to 
earth — ^internally betw^een segments. 

(B) Mis&ing irregularly on (1) Loose L.T. connection ; (2) dirt or 

all cylinders at all speeds. moisture on distributor or ignition 

coil ; (3) contacts dirty, pitted, or 
worn ; (4) broken contact-lever 

spring ; (5) loose contact screw ; 

(6) tracking over between distributor 

segments ; (7) faulty ignition-coil 

H.T. cable ; (8) intermittent short 
on L.T. wiring ; (9) plug gaps large ; 
(10) plugs leaky ; (11) ignition coil 
faulty; (12) condenser faulty ; (13) 
badly worn distributor brush and 
segments; (14) battery connection 
loose or corroded ; (15) acid level 

very low; (16) battery defective. 

(C) Misfiring irregularly on (1) As Bl, 2, 2, and 5 ; (2) contact gap 

all cylinders at high large ; (3) plug gaps oversize ; (4) 
speeds. plugs leaky ; (5) ignition-coil cable 

faulty ; (6) as Bl3 ; (7) ignition coil 
faulty ; (8) intermittent short on 

L.T. Aviring. 

(D) Misfiring on hills or : (1) Ping gaps large : (2) plugs leaky ; 

when accelerating, or (3) dirt or moisture on distributor 
timing retarded. or coil ; (4) contact gap large ; (5) 

tracking over between distributor 
segments ; (6) as B13 ; (7) ignition 
coil failing. 


MT.R.O. IV. — 35 
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FAULT-TRACING CHART FOR COIL IdNlTlOl^—Gontd, 


Syfnptoms Likely Gatises of Trouble 


(E) Misfiring at low speed ; (1) Plug gaps small ; (2) contact gap 

and bad starting. small ; (3) contacts dirty, pitted, or 

worn ; (4) poor L.T. connection ; 

(5) battery connection loose or cor- 
roded ; (6) acid leYel low ; (7) bat- 

tery discharged ; (8) battery defec- 
tive. 

(P) Engine will not start (1) Battery discharged; (2) battery 
(no spark from coil). defectiYe ; (3) battery connection 

loose or corroded ; (4) open circuit in 
L.T. wiring ; (5) ignition-coil H.T. 
cable faulty; (6) contacts dirty; 
(7) broken contact leYer spring ; (8) 
loose contact screw ; (9) ignition 

switch faulty; (10) ignition coil 
defective; (11) condenser defec- 
tive. 

((j) Engine will not start (1) Excessive moisture on plugs or dis- 
(coil O.K.). tributor ; (2) pings very leaky due 

to moisture internally ; (3) plugs 

fouled ; (4) distributor-brush holder 
faulty. 

(E) Low inaxinuini road ■ (1) Plugs leaky ; (2) plug ga]js large ; 
s[)eed. (3) contacts dirty, pitted, or worn ; 

(4) contact gaps large ; (5) contact- 
lever spring Aveak ; (6) ignition coil 
failing. 

(I) Engine gets unduly hot.! (1) Ignition lever retarded ; (2) auto- 
matic governor sticking ; (3) incor- 
rect timing ; (4) plugs leaky. 
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If the short circuit is in the distributor, the lamp will remain alight all 
the time, and the trouble will most probably be traced to an earthing 
rocker arm, due to the arm having become loose on the bush and dropped 
on to the distributor base. 

Testing for Open Circuit 

When testing for any defect in a circuit, always start from the source 
of supply ; in this case, therefore, start from the ignition switch and not 
the distributor. 

If the equipment is earth return, connect one wire of the test lamp to 
earth, remove the battery whe from the distributor, and be sure to keep 
it clear from earthing, with the switch on proceed to make contact 

with the other end of the test-lamp lead at all the available i>oints in the 
circuit. 

The first point would be the live side of the switch, then the coil side, 
next the switch side of the coil, then distributor side of the coil, and, lastly, 
the distributor wire at the distributor end. At every point contacted 
with the test lead a lighted lamp should result. If you come to a point, 
say, for instance, the distributor side of the coil, and find that no light can 
be obtained, but a light is obtained on the switch side of the coil, it is 
obvious that the break is in the primary of the coH. 

Is Ignition-coil Secondary Circuit in Order ? 

Let us assume that the ammeter in the very first instance has led us to 
assume that the primary circuit is in order. Our next consideration must 
be a defect in the secondary circuit. 

A quick test may be made by removing the high-tension cable from the 
coil terminal and inserting in its place a piece of copper wire, or any other 
piece of wire that is handy, and arranging it in snch a manner that it 
will allow the high-tension spark to jump to the frame of the car ; the gap 
should be about 5 mm. 

The ignition should now be switched on and the engine cranked by 
hand or the self-starter, if satisfactory, and at each break a spark should 
jump the gap between wire and frame. The test may be carried out 
single-handed by removing the distributor cap and setting the paints in a 
closed position and then flicking them with the finger. 

If on making this test you find that no spark occurs at the gap, close 
it to about 2 mm. and repeat the operation ; if a spark occurs now, it is 
obvious that the coil is either very weak or there is some other defect in 
the circuit ; in all probability a faulty condenser or condenser connection. 
Ill this case the coil should he removed for further bench test. The same 
remarks apply to a coil that shows no spark at all. 

Should the coil test he O.K., the next point to be considered is the 
high-tension circuit, and the following components should be earefiiUy 
examined. 
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Engine Misfires 

Misfiring may be due to a 
weak coil, but is more often tke 
result of some defect in tke 
high-tension circuit, such as a 
tracking distributor cap or 
rotor. Eaulty plugs or plug 
leads may be tested by remov- 
ing the wires one at a time and 
testing for spark jumping to 
frame of engine. Tke wire 
should be held well away from 
the terminal end and allowed to jump a gap of about J in. Do not allow 
the engine to run with a plug lead disconnected so that the spark cannot 
jump to earth, as this will put a strain on the coil and distributor cap and 
inaY result in a breakdown of the insulation. 


Fig. 11. — Consistent misfiring on one ob 

MORE CYLINDEBS MAY BE DUE TO A TBACEING 
DISrRIBTJTOR CAP 

This can be located on sight by a thin black 
zigzag line, which looks like a crack, between 
two segments. It is caused by the spark jump- 
ing from one segment to the other instead of 
between the points of a faulty sparking plug. 


High-tension Wire from Coil to 
Distributor 

You will sometimes find 
that the terminal sockets are 
burnt or badly corroded at their 
base. This is due to the wke 
having been badly fitted and 
not pressed home . It is essential 
that the proper type of thimble 
is fitted to ensure proper con- 
tact. If the burning has taken 
place to any great extent, a new 
coil or distributor cap will be 
necessary. 


Tracking Distributor Caps 

Tracking distributor caps and rotors are often misleading, and will 
cause a consistent misfire on one or more cylinders. Usually a tracking 
distributor cap can be located on sight by a thin hlack zigzag line between 
two segments, which is often mistaken for a crack. However, on testing 
the cap with high-tension test leads the spark will be seen to jump or 
run across from one segment to the other. This is what actually happens 
when the engine is running, due to the fact that the resistance at the plug 
points in the cylinder under compression is much greater than the cylinder 
to Avliich the adjacent segment is connected, the plug in this instance 
being on the exhaust stroke. The liigh-tension current, taking the line of 
least resistance, jumps back to the previous segment. 

The majority of insulated distributor components are made from 
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bakelite . This material has a very hard and polished finish when removed 
from the mould, but should the surface he scratched or roughened it has 
a tendency to collect dust and moisture. Dust and moisture will, of 
course^ collect in any case, but not to any great extent on a smootli 
surface. 

In view of the foregoing remarks, it will he readily understood that the 
practice of attempting to rub out the tracking marks with emery- or glass- 
paper is absolutely useless, because the tracking will inevitably take place 
again in a very short time. Moreover, it will be observed that the actual 
track is very deep and is filled with carbonised powder from the effects of 
jumping sparks. 

There is only one remedy for a tracking cap or rotor, and that is a new 
component. It is also very important to use only the genuine replace- 
ment parts to ensure the segments being in the correct position, the centre 
contact, the correct height and the rotor segment not fouling the distri- 
butor segment. 

The Cause and Prevention of a Tracking Distributor Cap 

The continual spark jumping the small gap between the distributor 
rotor segment and the cap segments in an enclosed air space results in the 
deposit of a nitrous powder in the cap ; this is, of course, conductive of 
electricity. 

Most distributor caps of the jump-spark type are now ventilated in an 
endeavour to prevent this deposit. The cap should, however, be cleaned 
occasionally with water, which is a solvent of the nitrous deposit. The 
cap should be thoroughly dried before refitting. Do not wash the cap 
with petrol. 

Other Causes of Misfiring 

Other causes of misfiring are defective points, condenser, or sticking 
rocker arm. With regard to the contact points used on battery-ignition 
systems, these are tipped with tungsten or a tungsten alloy ; platinum is 
not suitable, and should not be substituted for tungsten with the idea of 
getting better results. The amount of current flowing in the coil circuit 
is much heavier than that in a magneto armature, and as platinum is a 
much softer material the points will quickly burn away when used on a 
CO i I -igni tio n dist ri bn to r . 

Defective Points 

The defects to be looked for on coil-ignition contact-breaker points are 
pitted points, gap too wide or too close, and formation of a yellowish 
powder round the edge of the tungsten tips. 

If the points are badly burnt or ])itted, they can be refaced with a 
piece of emery-paper or an oil stone, but only as a temporary measure. 
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Fi(j. 11a.- Th:sTiN(; a couj »y mkans of Hi^nbakkk iiTCJii-.srEKi) KiNiaiOK and battery 

TESTER 

The H.T. load from cuil to distributer is witlidrawn fi-oiii (*€iitre of distributor and is 
shown coupled to one point of the spark ^ap on top of tlie instrument. The other point is 
earthed. The remaining lead fi’om the instrument is dipped to the L.T. wire from coil to 
( listribntor. AVit h ignition switch on, rotate handle slowlg and rapidly. Regular sparking 
aci'Dss tost -gap indioates a perfect coil. Intermittent or no sparking indicates a faulty coil. 
A (‘ondcnser test is made u'ith the machine coupled up in tlie sanae manner, bub with a small 
condenser switcdi on the back of the machine placed off.” Other parts of ignition system 
can also be tested with this instrument. 
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The usual defect v^ith tungsteu points after they have been in commis- 
sion for a period is the forming of a, pip on the rocker-arm contact and a 
crater in the tip of the stationary contact. 

Condenser Defects which cause Misfiring 

Loose condenser connections, faulty earth connection, or weak con- 
denser are causes of misfiring. The condition of the points is a good guide 
to the condition of the condenser. If the points are badly burnt the 
condenser should at once be suspected, and if there is a yellowish powder 
around the edges of the contacts the condenser is almost certain to be 
faulty. 

Sticking Rocker Arm 

This is invariably due to lack of lubricant on the fulcrum pin, resulting 
in the pin commencing to rust. The same effect can, however, be caused 
by the rocker-arm spring losing its tension. 

Gap at the Contact-breaker Points 

If the gap is too wide it will result in the points being open over a 
longer period, and consequently the primary will have less time in which 
to build up ; the ignition will also be slightly more advanced, due to the 
fact that the points will open sooner ; this may also cause the jump spark 
at the rotor to be too early and take place before the rotor segment and 
distributor segment are overlapping, and it will most certainly cause 
cutting out at high speed. You may also find that on some sides of the 
cam, if it is at all worn, the rocker-arm heel is not clearing properly. 

This state of affairs invariably results in the burning of points, and also 
tends to retard the ignition. If the camshaft is at all worn, the points at 
certain speeds will not open on every lobe of the cam. The camshaft 
can be tested by setting the points in the fully open position and rocking 
the cam shaft to and from the contacts, noting the difference in the gap. 
In very bad eases you will find that the points can be opened and closed 
by this action. 


BENCH REPAIRS AND SETTING 

Having diagnosed the defects, let us now proceed with the method 
of bench repairs, and in doing so we will assume that our distributor is in 
a very bad state of repair, necessitating a complete overhaul. It is 
not practical to name one distributor in particular, so the following 
remarks may be applied to ]U‘actically every type and make of unit. 

Preliminary Test 

It is a wise jjolicy to run on test for a few moments the distributor 
that is to he repaired, in conjunction with your test coil, or its own coil. 
The distributor should be coupled up to your testing apparatus and 
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‘‘ revved ” up to at least 2,500 r.p.m., with the high-tension wires con- 
nected to a set of three-point spark gaps or other test equipment avail- 
able . The preliminary test should confirm your diagnosis of the trouble 
on the car. 

Now Dismantle 

Let us now completely dismantle the distributor, and examine all 
parts with a view to assembling and replacing defective components. 

Remove distributor cap, rotor, condenser, points, and breaker plate. 
Next remove driving gear and withdraw camshaft. In the case of units 
having automatic assemblies, the automatic assembly can, in most cases, 
he withdrawn separately from the cam driving shaft. 

If the Cam is Worn, Replace It 

The first component to be considered is the camshaft and cam. It 
is very seldom necessary to renew a cam owing to its having worn. How- 
ever, if the cam is worn, do not attempt to reface it ; not only is this a 
waste of time when compared with the price of a new' cam, but you will 
inevitably find on fitting a refaced cam that the points are opening un- 
evenly on the different lobes of the cam. 

The Automatic Advance Springs 

If the distributor be of the automatic advance type, take care when 
reassembling to see that there is no excessive wear on the governor 
weight locating pins, and particular attention must he paid to the control 
springs. Do not on any account stretch these ; if they are already 
stretched they should be renewed by genuine replacement springs, other- 
wise the wkole balance of the automatic mechanism will be throwm out of 
proportion with the speed of the engine. 

Balance Weights 

The baseplate to which the balance weights are pivoted should be 
closely examined for tightness. There have been occasions when this 
plate has been loose and caused no end of trouble hy throwing the distri- 
butor out of timing with the engine. 

The Contact-breaker Points and Rocker Arms 

After fitting the camshaft assembly, the next operation is the fitting 
of the points. As mentioned earlier, automatics usually have a breaker 
phite on which the contact points and rocker arms are carried. The rocker 
arm, as a nile, is the insulated contact, and should therefore be tested 
when fitted to see that it is clear of earth. With some makes the insu- 
lated bushing in the arm is left proud to prevent the arm earthing on 
the underside. It is essential, therefore, to see that this bush is tight 
in the rocker arm ; a loose hush has led many mechanics astray, the 
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rocker arm having tested O.K. wlien first 
fitted, but after a short run has dropped and 
earthed on the distributor base. 

How to Line Up Points which are Out of 
Square 

The points should be set in line and 
square face to face. This is most important, 
especially with high-speed engines. If the 
points are found to be slightly out of line, 
they can be lined up by slightly setting 
the rocker arm or fixed contact support. 

It is often necessary to fit the condenser 
at the same time as the points, owing to the 
methods .of connections. Before fitting the 
condenser, however, it should be tested for a 
puncture or low capacity. 

Testing the Condenser 

The usual method is to charge the condenser from the mains supply 
through a lamp, as in Fig. 12, then shoit-circuit the condenser with 
the test leads removed and note the intensity of the discharge spark. 
This test is not entirely satisfactory, and needs some little experience 
before one is able to judge the approximate condition of the condenser. 
Again, this method does not commend itself on alternating-current 
owing to the alternations. It is obvious that to leave the condenser 
in a fully charged condition you must disconnect your test leads at the 
moment the alternating -current cjmle is at its peak. 

The most efficient workshop method of testing condensers is perhaps 
the neon-gas lamp method. This can only he used on dii'ect -current, 
and at least 200 volts is recommended. 

The circuit is the same as in Fig. 12 for direct- current supply mains, 
but if this is not available two 120-volt high-tension wireless batteries will 
be found an excellent substitute, as the consumption of a 2D0 /220-volt 
neon lamp is only about 5 watts ; the batteries will therefore be doing no 
more work than that required for a three- valve wireless set. 

The Neon -lamp Method 

To test a condenser h}' the neon-lamp method, the test leads should 
be applied to the condenser connections in the ordinary way ; imme- 
diately contact is made a charge will flow from the batteries or direct - 
current mains through the neon lamp to the condenser, resulting in the 
neon lamp flashing. 

The terminal voltage of the condenser should now* he equal to the 
mains voltage, and so long as it remains so, no further current will flow 



Fig . 12. — Circuit ior testestg 

CONl)EJ5"SER 

The use of a neon lamp is to 
be preferred for this test. 
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through the neon lamp. Should, however, the condenser he leaking 
slightly, its terminal voltage will decrease and hecome considerahly less 
than the battery or mains voltage. This will result in a further charge 
being impressed on the condenser, and the neon lamp will again flash. 
It will he seen, therefore, that the longer the condenser holds its charge 
the longer will he the period between each flash, and vice versa. 

When considering this test, it must be borne in mind that there is no 
connection between the condenser and battery or mains when the neon 
lamp is not glowing, because there is no connection between the anode 
and cathode in the lamp. 

In reviewing the above remarks, it will be understood that the number 
of flashes per minute will give a very good idea as to the state of the 
condenser. It should also be remembered that the test leads are in 
contact with the condenser throughout the test and need not he removed, 
as in the case of the charge and discharge test. 

How to Interpret the Test Results 

On tests with various condensers, it has been found from experience 
that a condenser may be considered fit for further service if it does not 
exceed sixty flashes per minute. Should, however, a condenser be found 
to flash with a greater rapidity, it must definitely he scrapped. A con- 
timious glow on the neon lamp indicates a short-circuit across the conr 
denser. 

The capacity of condensers used in conjunction with coil ignition and 
magnetos varies from -1 to *2 microfarad. 

The Distributor Cap and Rotor 

Our next consideration must he the distributor cap and rotor. 

There are three types of distributor caps now in use. The most 
common is the type in which the high-tension leads are fitted with a special 
metal thimble and pushed into a socket on top of the distributor. 

Then there is the type having a nipple and screwed bakelite nut. 
Lastly, there is the waterproof type. With this type the high-tension 
wires are laid in grooves and pierced by a sharp pin above the respective 
distributor seganent. A cover is then fixed over the high-tension leads, 
holding them in position. 


What Defects should be looked for with Distributor Caps and Rotors ? 

Burnt or corroded high-tension connections, worn distributor segments 
on distributor or rotor, faulty centre high-tension contact on distributor 
or rotor. 

Tracking distributor or rotor. 

Punctured rotor. 
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Cause of Burnt and Corroded H.T. Connections 

This is generally brought about through the high-tension \rire having 
been removed and not properly refitted. If there is any looseness or small 
air gap between the thimble on the end of wire and the Wtal of the socket 
in the moulding, a continuous stream of sparks will jump across the gap 
and will eventually burn the socket away. 

The above symptoms are not noticeable in the early stages : the 
engine begins to misfire only when the trouble has developed usually 
beyond repair. 

How Much Wear should be Allowed on a Distributor or Rotor Segment ? 

This is a rather difficult question to answer, owing to the fact that it 
is not possible to measure the gap with the components in position. It 
must be remembered, however, that the rotor segment does not make 
contact with the distributor segment, the air gap b^etw^een the tw^o being 
in the neighbourhood of in. Experience must play a big part in the 
adjudication of the renewal of distributor caps or rotors, and the following 
points must be borne in mind. Eirst , the greater the gap the more intense 
will be the spark and the quicker will be the deposit of nitrous acid. 
Secondly, a greater strain, will be put on the coil. Thirdly, the greater 
the gap the more rapidly will the segments hum until the point of misfiring 
is reached. We would recommend that a gap not greater than in. 
should be allowed. 

How Can Faulty or Worn Centre Contacts be Repaired ? 

They cannot satisfactorily be repaired, and under normal conditions 
will outlast the life of the distributor cap or rotor. The only remedy in 
the case of a distributor cap is the renewal of the ca]). With some rotors 
however, it is possible to fit new spring contacts Avhen they are secured in 
]iosition by a fixing screw. 

How Can You Test for Tracking or Punctured Distributor Cap or Rotor ? 

This may be done by rigging up a high-tension test as in Fig. lo. To 
test for tracking, apply tlie test prods to the adjacent distributor segments 
in turn, and if tracking is taking place the high-tension spark will jump 
from segment to segment in preference to jumping across the test -spark 
gap. The same remarks apply to punctured or tracking rotors. After 
a few tests with this apparatus varioris other uses will be suggested to the 
operator, 

H.T. Test 

There are various methods of devising a high-tension test, but the 
most efficient is without doubt the rotary niake-and-hreak method in 
conjunction with a coil. This test can also be used for testing coils and 
magneto armatures. There are various makes of test sets on the market 
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ADYANCE DISTRIBUTOR. 


■which are designed 
for coil, magneto, a^nd 
high-tension tests , 
typical examples of 
which are described 
in other articles. For 
the benefit of those 
wishing to make' up 
their own test we 
give here the wiring 
circuit and layout 
{see Fig. 14). 


The Final Assembly 
of Distributor 

The distributor is 
now ready for final 
assembly and test ; 
the point gap should 
be finally checked 
up, and when fully 
open should he 
approximately 18 
thousandths. 

When fitting the 
rotor and distributor 
cap it is advisable to 
check up the relative 
positions of the cap 
and rotor segments, 
as follows : 

Mark the position 
of the distributor 
segment on the dis- 
tributor housing with 
a pencil ; fit the 
rotor in position and 
rotate the cam in the 
required direction 
until the points 
begin to open ; the 
distributor-rotor seg- 
ment should then 
he overlapping the 
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distributor segment, a,s 
in Fig. 15. 

In the case of anto- 
matic-advance distri- 
butors, where the cam 
is automatically 
advanced, the rotor 
should be just over- 
lapping on the trailing 
edge of the distributor 
segment as the points 
are opening in the 
retard position, and just 
overlapping the leading 
edge when in the ad- 
vance position. 

The unit is now- 
ready for a final running 
test, and should he 
capable of giving at 
least 12,000 sparks per 
minute without miss- 
ing. 
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represent wiring under 
panel. 
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Fig . 14 . — High-tension test set Foa testing ignition 

COILS AND DISTRIBUTORS 


Ignition-coil Bench Tests 

If a spark-jump test is used for coils, the spark should jump a gap of 
5*5 mm. at all speeds up to at least 2,000 r.p.m. 

If a buzzing is heard coining from inside the coil under test, a loose 
core is usually the cause. 

When testing a coil, the case should be tested by earthing it to the 
return side of the battery. This vdll show up an earthing primary or 
leaking secondary. The right-hand test prod in Fig. 14 will act as earthing 
wire if placed in contact with coil case under test. It is also useful for 
testing distributor top for tracking. 

Distributor Design 

Owing to the great number of models, it is impossible to deal with 
each model individually . In most cases the difference is due to a different 
design of the rocker arm , rotor, or distributor cap. The general principles 
remain the same. 

Distributor units can generally be divided into five classes : 

(1) Single rocker arm, manual advance. 

(2) Single rocker arm, automatic advance. 

(3) Twin rocker arm, manual advance. 

(4) Twin rocker arm, automatic advance. 
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(5) Twin rocker arm, alternate make-and-break, antomatio and 
manual advance. 

A Warning re Distributor Springs 

Those in class (2) are now the most common type in use. Their con- 
struction is too well known to need explanation. There is one point, 
however, that must be home in mind. Never alter the spring-tension 
arrangement of the automatic, and when renewing springs always be 
sure to fit the genuine replacement parts which have been designed and 
tested by the manufacturers to give the correct amount of advance at a 
given speed. 

Distributors in classes (3) and (4) are now being superseded by those in 
class (2), owing to the great advance in coil construction. 

The two rocker arms are in parallel, and should be set to open syii- 
ehrononsly. The adjustment allowmg this setting is carried out by an 
eccentric screw passing through the base of the plate carrying the contact 
point, the contact plate being finally locked in position by a fixing screw. 

Why Twin Rocker Arms ate Sometimes Used 

The object of fitting twin rocker arms will he obvious after a moment’s 
consideration, for it will be seen that they allow double the area of contact, 
and in consequence reduce the resistance in the primary circuit of the 
coil and allow it to build up in a shorter space of time. This type of 
distributor unit was designed to suit the requirements of the high-speed 
engine, and as a matter of interest the reader can remove one of the 
rocker arms from this type of distributor and run the distributor with 
one rocker at high speed on the test bench, taking note of the maximum 
speed at which missing takes place, then refit the other rocker arm and 
repeat the experiment, wken he will find that a much higher speed can 
be obtained before missing takes place. 

Unbalanced Automatic-advance Weight Springs 

One of the pioneers of this type of distributor was Messrs. Delco- 
Reniy, and the majority of the distributors manufactured by this com- 
})any were designed with automatic advance combined with manual 
advance. The automatic counter-weights are held in position with small 
coil tension sprmgs, and you will note that on some distributors the springs 
are of two different sizes. This has often misled the repairer, who has 
assumed that somebody at some time has fitted an incorrect spring as a 
temporary measure. This is not so, how^ever. The sprmgs have been so 
calculated to allow for a quick advance on the w^eaker spring up to a cer- 
tain speed ; after this point the advance has been slowed down to prevent 
over-advancing. A distributor of this type was fitted as standard on the 
Talbot car. 
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COIL lONlTlON 

Rocker Arm Alternate Make- 
atid-treak 

Distributors in class (5) are / 

easily recognised by tke fact that 
the cam has half the number of 
lobes to cylinders, a six-cylmder 
cam having three lobes and an eight- 
cylinder laving four lobes. 

The rocker arms are placed so 
that they open alternately. A 
study of the sequence of events 
will soon make clear the object of 
this arrangement, for it will he seen 
that the joints are in contact over 
a period twice that of the contact 
on the six- or eight-lobe-cam distri- 
butor. This arrangement, again, 
allows more time for the primary to 
build up. 

Great care must be exercised when adjusting the points on this type 
of distributor to see that at no time are both sets of points in contact at 
the same moment, as this would cause the primary circuit to remain 
closed, as one set of points would have opened after the other set had 
closed. When rotating the camshaft by cranking the engine, one set of 
contacts will be open, and just as they are about to close the other set 
should open ; continue cranking, and as the second set are about to close 
the first set opens again. 

If an engine fitted with this type of distributor is reported to be 
missing on three or four cyhnders, as the case may he, the trouble will 
invariably be traced to one set of points not opening before the other set 
is closed. A further adjustment is provided with this type of distributor 
by way of movement of the complete contact-breaker baseplate assembly. 

How to Remove and Refit a Distributor Head Unit 

Before removing the distributor, the procedure should be as follow s : 

(1) Crank the engine until No. 1 cylinder is on the compression stroke. 

(2) Advance the ignition lever, if fitted, or set the inicroineter adjust- 
ment of an automatic distributor to zero. Crank engine dotdy until 
contacts are just about to open. Observe the position of the distributing 
electrode, and make a mark on the distributor casing directly opposite the 
electrode. 

(3) Carefully note the position of the flywheel or the distance Xo. 1 
piston is down the cylinder on the compression stroke. 

(4) Remove the distributor and label the plug leads Nos. 1, 2, 3, and so 
on, according to the order of connection to the distributor. No. 1 plug 



'•^^Pencii mrks 
^ €m distributor 
/lousing. 


Fig. 15. — How to check up rnt: belaxtwk 

POSITIONS OP THE CAP AND ROTOR. SEC- 
MEKTTS 

Mark tlie position of the distributor seg- 
ment on the distributor housing with a 
pencil ; fit the rotor in. position and rotate 
the cam in the required direction until the 
points hegin to open. The distrihutor rotor 
segment should then be overlapping the dis- 
tributor segment. 
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lead will, of course, te that connected to No. 1 cylinder sparking plug. 
The order of connection to the distributor will be that in which the dis 
tributing electrode passes the segments for normal rotation. 

(5) Disconnect the plug leads from the distributor, and also the con- 
trol-rod connection from^the timing lever. 

(6) Remove the screw retainiag the distributor head in its seating. 

Generally, this will be a screw passing through a slot in the timing 

lever and having a spring under the screw head to hold the timing lever 
down by spring tension. Since the timing lever is clamped around the 
shank of the distributor head, this unit is also held in its seating. In 
some cases a setscrew locating in a groove in the shank of the distributor 
head serves to retain the unit in position. This screw will be found in 
the side of the distributor head seating. 

(7) Withdraw the distributor-head unit. 

Upon reinstallation, the distributor head will probably be refitted 
without any difficulty if the engine crankshaft has not been disturbed 
since removal of the distributor head. If there is any doubt upon this 
point proceed as follows : 

(1) Set crankshaft for No. 1 piston position for timing as determined 
prior to removal. 

(2) Turn the distributor-head spindle so that the electrode is opposite 
the mark made on the casing. 

(3) Insert distributor head in its seating with the timing lever, if 
fitted, in position for connecting up to the control rod when the latter is 
fully advanced, 

(4) Note whether contacts are just on point of opening. If the gears 
are correctly meshed this will be the case, and tbe electrode will also be 
opposite the mark on the casing. If it is not, try xemesbing the gears 
until tbe desired position of electrode is obtained. 

(5) Should it not be possible to refit the distributor head with the 
electrode correctly positioned, the nearest gear meshing should be 
obtained. 

(6) Fit the distributor -head retaining screw and loosen the timing- 
lever clamping screw. Now turn the distributor head until the mark on 
the casing and the electrode are coincident and so that the contacts are 
just about to separate. Then tighten the timing-lever clamping screw. 

(7) Reconnect the plug leads to the distributor in order of rotation of 
the distributing electrode, making sure that No. 1 plug lead is correctly 
connected to the terminal, the segment of which is adjacent to the 
electrode. Refit the distributor. 
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SWITCHBOARDS, SWITCH PANELS, SWITCHES, 

AND ACCESSORIES 

A WIDE range of C.A.V. switclboards and switch, panels are in use, 
and they vary considerably in size and shape according to the class 
of service for which they are intended. In the following, the types 
dealt with are those in most common use and which are likely to he met 
with frequently. 

SWITCHBOARDS 

Switchboards usually provide the means for controlling lighting, 
starting, and ignition in conjunction with compensated voltage-control 
equipment. The smaller types will often be found assembled into large 
panels, together with instruments such as speedometers, oil gauges, etc., 
which form conveniently grouped units for building into the vehicle 
dashboard. Some panels are also arranged for clamping to the steering 
column, an arrangement which is particularly suitable for vehicles 
arranged for forward control when space is often very limited. 

Dynamo Warning Light 

On the majority of switchboards a red dynamo warning light is fitted, 
which is controlled by the ignition or pilot switch, and operates as follows : 
It lights immediately the ignition or pilot switch is turned to the 
oiT ” position, and remains alight until the dynamo reaches cutting-in 
speed. The lamp will relight when the dynamo speed drops helow' 
cutting-out speed, or if for any reason the dynamo ceases to generate. 

With coil ignition and engine stationary it indicates that the battery 
is discharging through the ignition coil. 

Starter Switch 

The small starter switch fitted to some boards does not carry the main 
starter current, but a small current required to opierate the solenoid 
switch mounted on ox near by the actual starter. 

Replacement Bulbs 

It is important, particularly \\itli dynamo warning lights, that replace- 
ment bulbs are of the same voltage and Avattage as those originally 
fitted. 


M.R.o. ly. — 36 
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Switchboard Type 6T 

Far use witli sma^ll com- 
pensated voltage-contiol 
dynamos, this is a rect- 
angular hoard, fitted -with 
three switches controlling 
head, tail, and side lights, a 
double -reading ammeter, 
two-pin. plug sockets, and 
main dynamo fuse (see 
Fig. 1). 

The ammeter is per- 
manently connected in the 
battery circuit, and its 
reading indicates the state 
of charge of the battery. 
With a fully charged 
battery and the dynamo 
charging, a small discharge 
will be indicated if all the 
driving lights axe switched 
on, owing to the fact that 
for a short time the battery voltage equals or slightly exceeds the dynamo 
voltage. As the battery voltage settles down, the whole of the load 
discharge is taken by the d 5 ma 2 no, and the ammeter needle will gradually 
move over to indicate a small trickle charge into the battery. The 
ammeter will indicate the highest charging rate when the battery is 
discharged. The ammeter does not register the current taken by the 
road lamps when the dynamo is charging, but indicates this discharge 
current only wiieii it is actuall}^ being taken from the battery ; that is to 
say, either when the dynamo is running too slow to charge or when the 
engine is stationary. The ammeter will not register the discharge current 
taken by any other accessories beyond the driving lights, as they are not 
included in the ammeter circuit. 

Unless the fuse is intact and in position, no charging current will 
reach the battery, as the fuse is located in the main dynamo circuit. 

Maintenance of Type 6T Switchboard 

The fuse wire can be replaced by withdrawing the fuse bridge from its 
clii^is and inserting one strand of wire between the spring copper contacts 
in the fuse bridge. Spare fuse wire is located in the small envelope 
clipped to the side of the switchboard. No. 30 S.W.G. copper must be 
used and strictly adhered to. 

Smear occasionally, with a thin film of vaseline, the switch -handle 
ball portion and rollers. 
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Switch blades and 
spring contacts should 
be kept clean with fine 
carbarnndum paper. 

Switchboard Type No. 47 

This is a popular 
circular type of switch- 
board intended for flush 
fitting into a dashboard 
or panel. If snffieient 
slack has been allowed 
in the’ cables, the com- 
plete boardmaybe with- 
drawn from the front 
of the dashboard by re- 
moving the back clamp. 

The board is fitted 
with a main rotary 
switch for the control 
of the side, tail, and 
head lamps, together 
with an additional turn 
switch for ignition con- 
trol. Either magneto 
or coil may be used, 
but it is not suitable for dual ignition. Dynamo charging is indicated 
by a red pilot light fitted to the right of the ignition switch. 

Marked terminals are fitted at the rear of the board for cable connec- 
tions to the positive and negative feeds, as well as for all driving, ignition, 
and pilot lights. 

An aperture 3;/o in. (82 mm.) diameter is recommended, to accom- 
modate the board in the dash panel. 

Operation of Type No. 47 Switchboard 

Both the main and ignition switches are operated by turning to tlie 
positions clearly marked on the faceplate. 

To replace Pilot Lamp 

Unscrew the bezel (A) (Tig, 3) holding the red pilot glass from the 
front of the board, and the htilb will be automatically withdrawn by the 
means of a spring clip (B) located in the bezel and gripping tlie glass bulb. 
The voltage and wuttage will be found marked on the bulb eaj). 

It is advisable to use bulbs obtainable from C.A.V., as they are the 
correct size to suit the spring clip, and so eliminate any danger of the 



Fig, 2. — Bemoyog piLor-iAM bl’Lb No. 47 

SWITCHBOARD 
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prongs touching the live 
bulb cap. 

The pilot lamp glass 
{O can be replaced 
removing the spring 
clip (B). 

To dismantle the Board 
for Cleaning or Replacing 
Contacts 

The complete board 
should be removed from 
its faceplate or dash 
panel, and all cables dis- 
connected. Referring to 
Fig. 3 : 

[a) Remove fixing 
screw (2))andmam switch 
handle (B). 

[b) Remove fixing 

3.-_No, 47 SWITOHBOABD ASSEMBLE WDEOVT /Jjpx ^ igmtion 

BODY AND FACEPLATE _ ° 

knob (G). 

(c) Remove fixing mits {E) and clamp (/). 

{i) Remove fixing nuts, spring washers, and plain washers [K). 

(e) The terminal base can now be removed from the body. 

Take care that the ignition -switch parts are nob lost, as they will he 
liable to fall out when the body is removed. 

(/) Examine ignition -switch contact pins and locating sockets {L). 
Clean with very fine carborundum paper if they are in a dirty condition. 
Examine the fixed main contacts (iV), They can be easily removed by 
unscrewing the one screw [0). If dirty, clean as above ; take care not 
to bend them out of shape, and make sure they make good contact when 
replaced. If badly burnt, bent, or pitted, replace. 

{g) The main rotor contact can he cleaned by first extracting the two 
screws (P) from the back. This will allow the removal of the bracket 
(Q) from the rotor (P). Take care not to lose the locating steel ball [S). 
Clean the contacts if necessary, but replace if badly burnt or corroded. 
See that the screws (T) holding the springs are perfectly tight. 

(fe) If the brass pillars (U) holding the contacts have become loose, 
tighten by means of the countersunk screw located in the respective 
terminal on the back of the base, and which is accessible after removing 
cable screw. 

(j) Examine the lamp-holder plunger (7), clean the tip if dirty; a 
few drops of oil in the socket (17) will ease any stiffness, but keep it away 
from the plunger tip. See that the small pressure prongs in the side of 
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the lamp-holder (X) ha^e not been bent out of place so that the locating 
pressure on the lamp is lost. 

Reassembling the Type No. 47 Board 

Smear the rotor-hearing pin 'wafch vaseline, and locate the rotor in the 
metal base bush, so that the square is parallel with both the horizontal 
and vertical axis of the switchboard when it is in the normal mounting 
position, and the small contact is across the two fixed spring contacts, 
i.e. when the switch is in the maximum '‘on” position. After coating 
the steel ball with vaseline, place it in the locating hole on the stop plate, 
that is, on the horizontal centre line. Place the bracket (Q) over the 
rotor, so that the small hole locates over the steel ball ; fix from the hack 
with two screws (P), 

locate the ignition -switch contact piece (Z) so that the contact pips 
bridge across the C + and B -|- sockets, i.e, in an almost vertical position. 
Place the spiral spring [A A) over the square portion of the moulded 
ignition rotor and locate it in the square of the contact piece (Z), so that 
the flats of the brass hexagon on top of the rotor are parallel with the 
vertical centre line of the switchboard, and the cut-aw^ay portion of the 
moulding points towards the main-switch spindle. 

E/cplace the body and switch handles in the reverse order of the 
dismantling instructions, (a), (6), (c), and (tZ). 

On boards fitted with the flat-t5^e clamp, alw^ays replace the insulator 
{AB) before the clamp. 

Switchboard Type No. 85 

This is a rectangular proud mounting board for control of starter, 
ignition, and all driving lights. A red dynamo warning light, two-pin 
plug sockets, and fuses are also fitted (^ee Fig. 4). 

A separate fuse is connected to each light and ignition switch, w’hilst 
an additional fuse for use with any auxiliary accessories is connected 
to the main positive feed, w^hich is not controlled by any switches. 

Terminal screws are accessible from the front if the switch housing 
is removed. 

A hinged cover is provided to permit attention to he given to the 
fuses from the front of the hoard, and also to alloAv the two fixing screws 
to be extracted for the removal of the housing. 

The dynamo pilot -light bulb is automatically withdrawn with the 
bezel containing the red glass when the bezel is iinscrew’ed. 

The main control switch must he on before any lights can be 
operated. 

For the operation of the red dynamo warning light, see p. 561. 

The two-pin plug sockets are permanently connected to the positive 
and negative feeds, and are not affected by any switches. 
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Maintenance of Type No. 85 Board 

Attention should he given periodically to the main switch, as explained 
on p. 568 for the No. 101 sv;^itchboard, and to the light siritches as given 
for the No. 6T on p. 563. 

The ignition-switch contacts and spring should be kept very lightly 
smeared with vaseline. 

See that the fuse bridges are secure in their clips. The fuse wire is 
No. 32 S.W.G. silver (-011 in.). A spare length is supplied wound around 
the fuse bridge. 

If the red pilot -lamp glass is broken, a replacement can he fitted by 
releasing the spring hulh holder inside the bezel. 

Switchboard Type No. 86 

This five-way hoard is intended for controlling accessories other than 
driving lights. It is designed to work in conjunction with the No. 85 or 
No. 100 hoards, and can he used as a separate unit if desired. 

Six fuses are provided, one for each switch, and a single one mounted 
iudependent of all switches for use with auxiliary accessories. 

Maintenance details are similar to those given for type No. 6T hoard. 
The fuse wire for type No. 86 is No. 32 S.W.G. silver. 

Switchboard Type No. 100 

Similar to No. 85, this master board is for flush mounting, and is 
fitted with type No. 99 snap-action switches. 

No switches will function unless the switch marked ''imaix’’ is 
switched on. 

Any single switch can be removed after extracting the two fixing 
screws in the sub-plate, and the connection screws. At intervals apply 
thin machine oil sparingly to the switch-bearing pins through the holes 
in the sub -plate. 

Vaseline the spring and plunger, spring ball, leverage fiice, and 
sliding splash plate. 

Keep the switch blades free from dirt by using very fine carborundum 
paper or spirit. The switch should be replaced if the blades are badly 
burnt or pitted. Smear the switch blades very lightly with vaseline. 

See that the fuse bridge is located firmly in the fuse clips. Fuse wire 
is No. 32 S.W.G-. silver (-011 in.). A spare length is supplied wound 
around the fuse bridge. The aux ” fuse is independent of all switches, 
and is located in the positive connection to the two-pin plug sockets. 

Switchboard Type No. 101 

This board is rectangular in shape {see Fig. 6), and serves a similar 
purpose to the No. 47 circular switchboard. It controls all driving 
lights and ignition and is fitted with a dynamo warning light. 

The faceplate can be removed if the three front screws are extracted. 
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Either magneto 
or coil ignition can 
be used with the 
No. 101, hnt not 
both. 

Lubricate occa- 
sionally the switch 
hinge-pin, plunger 
roller, plunger, and 
dolly bearings with 
thin machine oil 
applied sparingly. 
Also smear the 
plunger-xoller bear- 
ing surface on the 
switch blade and 
the contact tips 
very lightly vith 
vaseline. 

Keep the switch 
blades and contacts 
perfectly clean with very fine carborundum paper or spirit. 

If the blades are badly burnt or pitted, they should be replaced. To 
replace the blades, extract the four screws to release the suh-plate 
complete with the dollies and plungers. Remove the split-pin in the 
bearing pin and extract the bearing pin to release the blade. 

SWITCH PANELS 

C.A.V. switch panels incorporate a switchboard together with instru- 
ments. They are, as a rule, fitted with a form of internal illumination, 
which lights up the dials of the instruments for night driving. 

Switch Panel Type No. 54 

Switch panel No. 54 is arranged for flush mounting ; this is an oval- 
shaped panel held in position in the dashboard by rear clamp-hrackets 
(Fig. 7). 

All terminals and internal-illumination bulbs are accessible from the 
front of the panel if the small cover plate is removed. 

Tor maintenance of the No. 47 switchboard contained in this panel, 
see p. 565. 

Switch Panel Type No. 65 

Type No. 65 is a panel specially designed for clamping on to the 
steering column of the vehicle. This panel is also fitted with the type 
No. 47 switchboard. 



Fig . 6. — Removustg rA.CBPXATE feome No. 101 type switch- 
board 
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Indication of an interruption in the engine -oil flow when the engine is 
running is shown on some boards hj the green w^arning light being 
extinguished. 

If a dipswitch is mounted on the side of the panel it should dip the 
headlamps when moTed to the “ or ’’ position, provided the main switch 
in the No. 47 board is pointing to the E position. 

Maintenance of the No. 47 board contained in this panel is given on 
p.565. 

The B.A.S. bulh for interior illumination and the fuse are accessible 
from the front of the panel if the small nameplate is removed. 

The dipswitch action should be kept well greased with vaseline. The 
cap can he removed by extracting the two interior fixing screws. If the 
switch does not operate, look for loose or broken connections or bumt-out 
bulbs. With electrically operated dippers a blown fuse inside the head- 
lamp may be the cause of the trouble. 

If the ammeter does not register it may be due to : 

(a) Dynamo not charging. 

(d) Ammeter burnt out or needle stuck. 

(c) Faulty, dirty, or loose connections. 

(d) Blown fuse. 

Keep the plug sockets clean and free from corrosion. 

The complete faceplate can be removed for instrument inspection if 
the four screws on the edge of the faceplate are extracted. 

The bulb in the green oil-indicator lamp is automatically withdrawn 
with the lamp bezel if the bezel is unscrewed. 

Fuse wire should be 32 S.W.G. tinned copper for dynamos types 
DISC, D, and D45E, and 30 S.W.G. tinned copper for types DBR, 
DBNB, DBLR, and DBLNB. A spare length of fuse wire is wound 
around the fuse bridge. 

See that the fuse bridge is securely located in the fuse clips. 

Switch Panel Type 82 

This is another flush-mounting panel which is fitted with either 
No. 47 or 101 switchboard, together with other instruments. Also, a 
blue oil-warning light is often fitted, and it should he particularly noted 
that it lights up when the oil flow is interrupted or the engine is stationary 
but still switched on. The light is controlled automatically by the 
ignition or pilot switches. 

Maintenance for switchboards type Nos. 47 and 101 are gwen on 
pp. 565 and 568 respectively. 

Switch Panel Type JSo. 117 

This is also a steering-column mounting panel similar to type No. 65, 
hut of different shape, and is not provided with a detachable faceplate. 
Type No. 47 switchboard is fitted, also an oil-warning light, starter and 




Mg, 7. — No. 54 switch paistbl showing bulb being extbaoted 

dip switches, horn push, two-pin plug, and various instruments, all 
depending upon the particular type symbol of the panel. 

The panel interior is easily accessible if the back cover is removed. 
As distinct from type No. 65, the interior-illuminating bulb is used for 
the oil-warning light when required. The bulb can be extracted from 
front of panel if the small cover plate is removed. 

All remaining maintenance details can be taken as given for type 
No. 65. 

SWITCHES 

C.A.V. switches are available for all classes of low-voltage control. 
Those \vhich are built into switchboards and. panels will be found dealt 
with separately in the first section of this article, whilst the most widely 
used of the remaining types are set out in the following : 

Starter Switches 

The BBNFA and BBNG solenoid-starter switches are simple two-step 
units designed for use and incorporated with axial-type starters. At the 
first step the sAvitch completes the circuit to the shunt and auxiliary field 
windings, allowing a small current to pass, sufficient to give the starter 
armature its axial movement and thus gently hut firmly engaging the 
pinion with the teeth on the flyw’heel. When the engagement has taken 
place the second circuit is completed, allowing the naain current to flow^ 
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and the starter to de- 
■velop its maximum 
power. 

Operation of BBNFA 
and BBI^G Solenoid- 
starter Switches 

Referring to Fig. 15, 
when the starter button 
is pressed the ixiagnetio 
jS.€ld set up in the switch, 
windings draws in the 
armature {C) until the 
first contact is closed 
and the catch {!) rests 
on the step in the trigger 
{E). This position is 
held until the trigger is 
lifted by the trip plate 
on the armature during 
its travel, and thus 
allows the second contact to close and the main current to pass. 

Dismantling the Switch 

(а) Remove nut ((?) after freeing from locking plate {H), take off 
catch-holding plate (Z) and trigger catch (F), and it will then be found 
that bridge piece (M), flat spring (JT), and insulating bush (J) can he 
withdrawm. The earlier types of BBNTA switches were fitted with a 
single-spring washer, and where this is found to be the case a new locking 
plate should be fitted. 

(б) Care should be taken when the trigger {E) is released, through 
removing the catch {F), that the trigger spring (J)) is removed, otherwise 
it will fall out and become lost. 

(c) Note the position of the washers, as the thin ones are used for 
adjustment purposes, as explained in the assembling instructions. The 
thick washer acts as a spigot for the return spring {B). 

(d) Remove spring (B). 

(e) The fixed contacts can be removed by extracting the fixing screws 
( U). Do not omit the insulating bush or washer when replacing. 

Maintenance of BBNFA and BBNG Switches 

(/) If moving contact (M) is dirty, clean with spirit or very fine 
carborundum paper. 

(g) If moving contact (M) is badly burnt or pitted, reface. Take 
care that both faces are kept to the original angle, and that they’ 
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are on tlie same 
plane. This is most 
important, as if the 
faces are -uneven 
poor contact will 
result and the whole 
operation -will have 
to he repeated after 
a short time. hTot 
more than in. 

(-4 mm.) must he 
removed from the 
faces of the con- 
tacts, and in the un- 
likely event of this 
not being enough, 
a new bridge-piece 
should be fitted. 

(A) If fixed con- 
tacts (S) and (T) 
are dirty, clean as 

for (/)• 

(j) Should fixed 
contacts [S) and ( T) 
be hadly burnt or 
pitted, it is recom- 
mended that they 
be replaced, unless 
facilities are avail- 
able for accurate 
refacing by milling 
or turning. If refaciiig is undertaken, not more than in. (*4 mm.) 
must be removed from the surface, as in the case of moving contacts. 

As new fixed contacts are supplied in an unmachined state, care must 
be taken to face them when in position on the switch and before placing 
the switch in service. 

(fc) Do not use a file or coarse grit on either the fixed or moving 
contacts. 

(1) Check pressure of return spring (S). It should be as follows when 
compressed to a length of -I in. 

BBNFA BBXG 

o f •+ 5 oz. 0 IK ±5 oz. 

3 lb. 3 oz.J ' 



Fig . 11. — Diagram fou Ko. 82 switch pan-ei with No. 101 

SWITCHBOARD 


If the pressure is not within these limits, a ne\Y spring should be fitted. 
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{m) Checi the pressure of 
trigger spring (D). It should he 
replaced if not "within 6-10*5 oz. 
for the PENFA, and 12*5 oz. to 
1 Ih. for PBNG switch, when com- 
pressed te a length of -./o- in. 

(n) See that insnlating bush 
(J) is a nice easy fit in bridge- 
piece (if) and has not distorted 
through heat from exterior 
sources, etc. 

(o) In the eTent of the wind- 
ing Ibecoming broken or damaged, 
the complete switch, should he 
returned to C.A.V. for repair, as 
the stirrup (A) surrounding the 
coil is riweted to the main plate 
and should not be removed. 

(p) Lightly smear the plunger 

((7) at the point of entry into 
the switch body with vaseline, 
also at the point of contact be- 
tween the bridge-piece and the n'ctwn 

^ j . A ® 1 1 TVPE STAJEtOKB SWITCH 

fiat spring. Apply the vaseline 

sparingly to avoid excess getting on to the contact faces. 

Assembling 

Assemble and switch according to dismantling instructions reversed, 
but note the following points : 

(q) Air Gaps. — If any refacing of the contacts has been carried out, 
it will be necessary to readjust the contact air gaps by renioving one or 
more of the thin adjusting wmhers, hut do not remove either of the 
other washers. The thin adjusting washers are made in the following 
thicknesses: *004:, -008, and -012 in. (O-I, 0*2, and 0*3 mm.), and the 
number varied until the air gaps given on figure are obtained. 

(r) It is advisable to fit a new locking plate {E) for the armature nut 
({?), as the efficiency of the switch will he impaired unless the nut is kept 
perfectly tight. 

Test Data for BBNFA and BBNG Switches 

When switch is finally assembled, the folloAving tests sliould he made, 
with the switch in a horizontal position : 

(s) Force to overcome return spring in ‘‘ OFI ” position : 

BBNFA BBNG 

lu f + 10 oz. 5 lb. :b oz. 

ooz. 
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Do not mount the switch in the immediate vicinity of any source 
of heat. 

Beyond the following points, the actual maintenance of the S.O.L. 
switch is negligible : 

Keep the terminals and the surface on which they are mounted 
perfectly free from dirt, damp, or oil. 

Keep the terminal nuts well tightened. Take care not to twist the 
cable sockets so that they Jam against the small insulation cap, otherwise 
there is a danger of distorting the plunger bearing, with a consequent 
sticking of the plunger action. 

Eemove occasionally the screwed cap and plunger, smear the brass 
stem of the plunger with vaseline, and replace. 

NZ-type Starter Switch 

This switch (Fig. 16) is supplied for either foot or hand operation, and 
is intended for breaking the main current on small starters up to and 
including 4^ in. in diameter. 

Two long fixing screws {0) are provided, which allow the switch to he 
fixed to either a metal or wooden paneL 

Avoid acute bends in the cables and strains on the terminal sockets. 

Keep the terminals well clear of any metallic partitions or framework. 

It must be mounted in such a position that even pressure can he 
maintained by hand or foot whilst in operation. 

Keep the terminals and the surface on which they are mounted 
perfectly free from dirt, damp, or oil. 

The terminal nuts (H) must be tight, and care taken that the cable 
tags (J) do not twist and touch each other. 

Apply a smear of vaseline to the main plunger (E) occasionally. 

The contacts can be inspected after removing the top cover with 
its fixing screw^s (L). The contacts can be cleaned with spirit or very 
fine carborundum paper (do not use emery), unless they are badly burnt 
or pitted, when they should be renewed. Take care when reassembling 
the switch that the parts are replaced in their correct positions according 
to Fig. 16. 

No. 108-type Starter Switch 

The operation of this switch is on the same principle as the NZ type, 
but it is considerably smaller in size and is for hand operation only. It is 
of robust construction, and intended for operating solenoid switches or 
for use in any similar circuits where the load to be broken is small. It is 
definitely not suitable for breaking any main-starter current. 

Two holes (tapped 2Ba) are provided in the cover for fixing the switch 
to a panel. 

Keep the terminals well clear of any metallic partitions or framework. 

The particulars given for the type NZ will also apply for this switch, 
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Fig. 16. — Section through; NZ-tyte starter switch 


except that the contacts are made accessible by removing the moulded 
insulator fixed to the body by two countersunk screws. 

When the contact replacement is necessary, the moulded base, com- 
plete with contacts riveted in position, is supplied for the fixed contacts, 
and the moving contact is complete with the moulded knob. The knob 
can be extracted from the switch if the split-ring is removed. 

Switch Type No. 121 

This combined switch and fuse unit {see Fig. 17) has been specially 
designed with the object of simplifying the complicated wiring that is 
generally necessary when connecting up a hank of separate switches, and 
at the same time to permit switch assemblies to be built up in number 
by the customer according to requirements. 

It is constructed of black moulded bakelite, and contains a blade- 
type switch, cartridge fuse, connecting terminals, and spare fuse. Slots 
are moulded in the base in order that the switch may be mounted, to- 
gether with other switches, direct on to the bus-bars. 

A nameplate for marking the name of the component controlled by 
the switch is attached to the base by a spring clip. It is visible through 
a slot in the moulded cover, but remains attached to the base when the 
cover is removed. 

Cables are brought up through the panel to which the switch is fixed 
and connected to the terminals on. the front of the switch base. The 
cables are not visible from the front of the switch when the cover is in 
position. 

Two holes in the base are provided for fixing the complete unit. 

When the switch is mounted separately, and not on hus-bars, it is 
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necessary for the two terminal studs at the back of the switch to he 
linked. A link is provided if the switch is ordered as type No. 
for separate mounting. 

Bus-bars are available ready drilled and cut to length, according to 
the number of units it is required to assemble. It should be noted that 
the centres of the drilled holes for the No. 121 switch and type No. 123 
fuse units are different, and it is, therefore, not possible to change the 
position of these units on the bus-bars in relation to one another. 

Main feed terminals are fitted to the bus-bar ends, and it is advisable 
that they should be covered, after all connections have been made, hy 
means of the bakelite covers specially designed for the purpose. 

The hus-bars are located in the slots provided in the switch base, and 
secured to the two rear terminals by a nut and washers. 

Take care when mounting the switch to see that sufficient clearance is 
allowed to permit the cover-fixing screw to be released and the cover 
removed. 

The switch is in the on ” position when the operating dolly is point- 
ing towards the name-plate. 

Great care should be taken to remove the link from the back of any 
type No. 121-2 separate-mounting switch if it is ever required to be 
mounted on bus-bars. 

The cartridge-type fuse is permanently connected in the switch 
circuit, a spare fuse being clipped to the base underneath the name- 
plate. 

The main cover is removed by releasing the single milled-head screw. 
The screw cannot be extracted from the cover, but remains attached, 
to prevent it from becoming lost. 

At intervals apply a smear of vaseline to the switch blades and around 
the ball portion of the dolly. 

Keep all terminal screws well tightened and the fuse secure in 
its clips. 

Do not alter the fuse capacity from that provided when the switch 
is fitted. 

Battery Cut-off Switch Type No. 134 

This is a hand-operated switch for breaking two main battery circuits 
simultaneously. The switch is mounted on a metal base and enclosed 
hy a cover that also carries the operating knob. 

Tlie moving contact piece with plunger can. he extracted from its 
bearing when the cover is removed. It is, therefore, important that the 
cover is kept firmly screwed down when the switch is in use. 

Grease occasionally the plunger and clean the contacts, as explained 
for the type BBNFA switch. Make sure when replacing the contact 
])ieoe that the keyway in the plunger is opposite the locating pin in the 
bearing. Lubricate the knob spindle as for BBNFA, 
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HEADLAMPS 

Headlamps caa 
be subdivided into 
various types, as 
follows : 


Standard 

Fitted with a 
standard single 
filament S.E.C. type 
of bulb and fixed 
reflector. 


Fi(/. 17 . — Type Ko. 121 switch \\tth mocpded co-ver 

REMOVED 


Electric Dip and 
Switch (E.D.S.) 

This system 
makes use of a sepa- 
rate control switch, 
usually mounted on the steering column, which when moved to the ‘"dip ” 
position causes the nearside reflector to he dipped and turned to the 
nearside of the road ; at the same time the ofi“side lamp is extinguished. 

The reflector of the nearside lamp in this case is pivoted on ball 

hearings within a 
fixed rim, which is 
in turn secured to 
the headlamp body. 
The reflector is tilted 
hy means of a 
plunger controlled 
hy an electrically 
operated solenoid 
mounted at the rear 
of the reflector. In 
order to avoid a 
heavy current con- 
sumption by the 
solenoid windings 
during tiie dipping 
operation, a high- 
resistance coil is 
brought into opera- 
tion by the plunger 
at the end of its 
travel and holds the 

_ „ reflector in the 

pig ^ 18 . — Ba^ttery cvt-ofp switch No. ISl with cover 

REMOVED TO SHOW COJsTACTS U 1 p p C Cl ]) O S 1 1 1 0 11 
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STARTER WITH HAMD OR FOOT SWITCH 


Fig. 19 - -Cmcu’i'T coi^nection's for stater 

SWITCHES 


until the current is switched off 
ty the control switch. The re~ 
Hector is returned to the normal 
position by spring pressure, the 
movement in both directions 
being limited by rubber buffers 
to prevent excessive shock to the 
bulb. 

A fuse is provided with each 
electrical dipper unit in order to 
protect the operating coil in the 
event of the reflector failing to 
function correctly. 

Twin Dipping Reflectors 

This arrangement is similar 
to the E.D.S. system, but two 
dipping reflectors are used in 
place of one dipping and one 
standard reflector. 

Lucas-Graves Anti-dazzle Bulbs 

The dipping of the light- 
beam operation in these lamps 
takes place entirely within the 
hulb, the reflectors remaining 
stationary. The main bulb fila- 
ment is the source of the normal 
driving beam and is, therefore, 
located at the correct focal region 
of the reflector. 

A secondary filament slightly 
in advance of the main, filament 


is provided on its underside with a shield that directs the rays to the top 
of the reflector, which, in turn, deflects and spreads them into a wide area 
on the road immediately in front of the vehicle. Thus the operation of 
the dipswitch extinguishes the main filament and lights the secondary 
filament, providing a flat -topped driving beam of adequate intensity 
and absence of dazzle. These special hulbs are fitted with caps larger than 
those normally used, and in addition have special pins to prevent the 
bulbs from being incorrectly fitted. 


Duplex Reflectors 

These reflectors are a special stepped design, providing a flat-topped 
high-intensity beam with the minimum of dazzle. 
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Headlamp Adjustments 

When it becomes necessary to make adjustments to the lamp, the 
following points should be noted when dismantlmg, according to the 
respective types : 

Removing the Lamp Front 

Fig . 20. — Slacken the single fixing screw (a coin slot is provided in the 
head) and allow it to hinge out of the slot on the rim. Grip the rim firmly 
with both hands opposite the screw, and remove with even pressure ; 
do not lever or jerk violently. When replacing, first locate the top of 
the front over the body and then apply pressure around the lower half 
of the rim. 

Fig. 21. — Loosen the two fixing screws. When replacing, make sure 
that the front is evenly located around the body. Tighten serew^s evenly. 

Fig. 22. — Slacken the single fixing screw and hinge the front upwards. 

Removing the Reflector 

Fig. 23. — Turn back the ends of the cork packing washer and extract 
the fixing screw. Twist the reflector by its outside edge until the mark- 
ings 0 ” stamped on the reflector and body coincide, at which point the 
reflector may be withdrawn. Replace by engaging the reflector and 
body at O’’ and turning to the left until the screwhole is opposite the 
tapped hole in the hody (see note for right-hand road rule). 

Fig. 24. — Press reflector inwards evenly and turn to the left until the 
locating pins come opposite the slots in the lamp body. Reverse the 
procedure when replacing. 

Fig. 25. — On this type the reflector is automatically withdrawn when 
the front is removed. It can, however, be taken out of the front rim by 
extracting the retaining springs. Make sure that the reflector is correctly 
located when replacing. 

Fig. 26. — The reflector will be found to be quite free when the front is 
removed. It is necessary only to extract the bulb to permit the removal 
of the reflector. 

Fig. 27. — Remove single fixing screw in reflector and turn the reflector 
until the locating pieces come opposite the slots in the lamp hodv. 

Right-hand Road Rule 

In countries where this rule exists, as against left-hand in the Liiited 
Kingdom, it is necessary for the dipping reflector to operate in the 
opposite direction- Provision has been made for this as follows : 

When replacing reflector, engage at points marked 0 and turn 
to the right until screwhole is opposite the tapped hole in the body. 

Replace the reflector with the top support located in the slot 
marked 
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j^ig. 20. — Removing!- moNT 

Slacken the single fixing screw. A coin 
slot is provided. 


ig , 21, — RBMOvnsrG an’otheh type op 

XAMP PEONT 

Loosen, the two fixing screws. 


Fig . 21 — Remoying another tt-pe op 

LAIVIP PRONT 

' Hinge the front upwards after slacken- 
uTg set -screw. 


Fig. 23. — Removintg bepxecpor 

rurn Lack ends of the cork packing and 
extract fixing screw. 
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Focusing 

All C.A.Y. headlamps are accurately focused and adjusted before 
leaving the works, in order to give the maximum efficiency. Often, 
however, this adjustment is upset when a bulb replacement is made, and 
refocusing becomes necessary. 

Three Methods of Focusing 

Alternative forms of focusing are used as follows : 

(а) Kg. 28. — Slacken the clamp screw or spring holding the lamp 
holder, and move the lamp holder to and fro until the desired effect is 
obtained. Do not forget to retighten clamp screw. 

(б) Mg. 29. — On other lamp holders alternative positions are provided 
fox the hulb by three different slots in the holder itself. 

(c) Eig. 30. — A simple method of focusing, effected by turning a milled 
nut at rear of lamp holder. 

Lamps fitted with Lucas -Graves hulhs do not need any form of 
adjustable focus, owing to the accurate alignment of the reflector and 
bulb filament. 

Alignment of Headlamps 

Park the vehicle opposite to and at least 25 ft. away from a wall, 
making sure that the vehicle is positioned at right angles to the wall, so 
that the headlamps are equidistant from it. The lamps should then he 
aligned so that the horizontal axis of the oval light area on the wall is 
below 3 ft. 6 in., measured from ground-level, and the lamp centres are 
equidistant from the vertical axis. 

Bulb Replacement 

The importance of replacing bulbs with those of the same size and of 
good quality is not, as a rule, fully appreciated. Inferior-quality hulhs 
often have the filaments of such a shape as to make accurate focusing 
impossible, a similar effect being also set up by the sagging filaments in 
good-quality bulbs after long service. It is therefore earnestly recom- 
mended, for headlamps and pass lights at least, that Lucas “ Blue Star 
high-efficiency bulbs be fitted, all of which have been carefully manu- 
factured and tested for accurate focusing. Conforming to the Ministry 
of Transport regulations, all bulbs supplied by C.A.V. have the wattage, 
in addition to the B.A.S. number, clearly stamped on the cap. 

Fuses 

The small cartridge fuse used in conjunction with the dipping reflector 
is fitted in spring clips mounted alongside the dipping mechanism. If 
the fuse has blown, replace by the spare fuse mounted on the support 
bracket, after having ascertained and rectified the cause of the failure. 
A sticking reflector, due to the lack of lubrication, will cause the fuse to 
blc>w^ 




Ig. 25. — On this tyie of XuAmj? the 

HEFLEOTOR IS A.XJTOM14.TICAlX^ WITEC- 
DEAW "WHEir THE FRONT IS REMOVED 


Fig. 24. — To remove reflector 

In the tjrpe shovn, press reflector in- 
wards and turn. 


g. 27. To REMOVE this type REPLECrOR 

UNSCREW FIXINO SCREW AND 
REFLECTOR 


\g. 26, — In this type the reflector 

WILL BE FREE WHEN THE FRONT IS 
REMOVED 
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Fig, 28. — metsod or a.djustinc3- focus 

Slackca clamp screw or spring holding lamp holder, and move lamp holder to and fro 
until desired effect is obtained. 


Pass Lights 


OTHER LAMPS 


In tke main, the instructions for the headlamps will equally apply 
for pass lights. 

With some pass lights it will he found that focusing is carried out in a 
simple manner by turning in the direction required the large round 
knurled nut located behind the lamp holder. 

Pass lights should be mounted below the normal headlamp level, 



Fig. 2,9. — Another method op adjusting focus 
In. this lamp holdex three slots are provided for the bulb, giving three alternative positions. 
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Fig. 30. — sncpiiE method or rocusma 
Turning a milled aut at rear of lamp holder . 


preferably on tlie nearside of the 
■vehicles, and permanently turned 
towards that direction. 

Side Lamps 

The lamp holder -with three alter- 
native bnlh locations is the method 
•usually employed for focnsing. 

With the exception of lamps with 
two screws fixing the front, reflectors 
and fronts can be remoTed by press- 
ing evenly inwards and turning to the 
left until the locating pieces come 
opposite the slots. 


Tail Lamps 

No focusing is necessary. 

The bulb may he changed by either unscrewing or pulling off the cap 
containing the red glass. 


Stop ” Tail Lamps 

The front may he removed by releasing the single fixing screw and 
gently lifting the lower half of the rim. 


General Maintenance 

Reflectors should he handled and cleaned with great care. Metal 
polish should on no account be used. A light polish with a soft cloth or 
clean chamois leather is all that is necessary. If any other method is 
used, the transparent colourless covering protecting the highly polished 
surface will be damaged and rendered useless. 

On dipping reflectors the movement should be perfectly free and 
uninterrupted. The pivot and bearings should be periodically lubricated 
with thin machine oil. 

See that the cables do not foul the reflector. If there is any stiffness 
in the movement, apply the slightest smear of machine oil to the moving 
plunger of the dipping unit and the hearings on which the reflector is 
pivoted. 

Ordinary enamelled-finish lamps can be cleaned with a good car polish . 
Chromium-plated parts need only to be occasionally wiped over with a 
damp cloth to remove dust or dirt. 

Make sure that all connections are perfectly tight. 


WINDSCREENT WIPERS 

The C.A.V. windscreen wiper, type BWN (Fig. 32), is designed for 
either 6~, 12-, 24-, or 30-volt circuits, and consists of a small electric 
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nearside: offside 



NEAR5IDE OFFSIDE 



Pig. 31. — CiiicriTS FOE VAKrors tyfj^s ot C’.A.V. ileadi.amps 
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Fiff, 32. — WlNDSCBEEN WIPEB, TYPE BWN 

geared motor driving the arm which holds the squeegee. The oscillatory 
movement of the wiper arm is produced by means of a crank connected 
to the reduction gears. 

A control switch is incorporated in the end cover on the standard 
model, but the wiper can Tbe supplied without this switch if it is desired 
to fit a control separate from the wiper. 

Construction and Operation 

Referring to Fig. 33, the worm {A) is cut on the end of the armature 
shaft and drives the worm-wheel (J?) with a liigh-reduction ratio. The 
latter carries the crankpin (C) which, hy means of the connecting rod 
(Z>), gives the toothed segment {E) an oscillating motion. The toothed 
segment [E] engages on one side with the pinion (i^) fixed to the wiper 
spindle, so that the latter oscillates with the toothed segment. 

Fitting 

It is essential that the fixing-hole centres (SS-mm. standard wiper) 
are accurately spaced and bored parallel to each other ; they should also 
be at right angles to the face against which the wiper is clamped. Make 
sure that the clamping face is perfectly flat and smooth; remember to use 
the rubber washers and tighten the fixing nuts evenly. 

Neglect of any of these points is liable to cause distortion of the-sp indie 
bearing, wdtli the consequent seizure of the blade spindle. 

Adjustment 

The armature can be removed from the housing if the screws ( G) are 
released and the end cap (H) taken off. The brush gear should be 
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Fig. 33.— O.A.Y. 'type BWN ■winbsoeeen -wefeb PAHiiACiT sectioned to show 

INTEHtOB CONSTRUCTION 


extracted from the body the iiiaxiiimm amount possible -fthtlio-ut releasing 

the connections to the brush boxes. j x- r 

Do not cut off the threaded spindle hearing, as the recessed portion ol 
the spindle wdll be exposed ■with consequent loss of bearing surface and 
grease. A packing piece is available to compensate for thin windscreens. 

The centre of the worni-’wheel (R), driving-end bearing (/), and ar- 
mature setscrew (K) must be dead in line when viewed through the vnper 
body after the armature has been removed. As the armature setscrew 
and driving-end bearing are permanently and accurately centred wuth 
each other, it is necessary only to adjust the relative position ol the 


worin-wheeL ^ t i 

To ndake this adjustment, remove the complete worm-wheel arid seg- 
ment assembly after extracting the screw (A), and insert tbin packing 
shims (obtainable at any C.A.V. Service depot) between the worin-v heel 


oilder. 

be taken that the coupling bar between 


the Avorin-wheel 
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and segment is not distorted when any adjustment is made to the worm- 
wheel. The bar must he parallel with the machined cover-plate face^ of 
the housing, and it can be accurately aligned by the means of packing 
shims {W) behind the segment. When the segment-fixing screw is 
screwed home as far as it will go, the segment should work freely but 
must not he loose ; any looseness can be rectified by the means of packing 
shims behind the fixing-screw head (M). 

With the armature stiH out of the wiper, see that the worm-wheel 
assembly when in position is perfectly free and easy in movement. 

Insert the spindle blade (N)^ complete with its locating spring (P), 
so that the centre tooth of the spindle gear meshes with the centre of the 
segment, and turn the spindle to make sure that there is no restriction 
in movement. Ease off the segment bearing setscrew (^) and rotate the 
hearing by means of the screwdriver slot until the segment teeth and 
those of the spindle tighten up. Continue to rotate the hearing slowly 
until the whole assembly is perfectly free in movement ; screw in the 
setscrew (R). 

Insert the armature and replace the brush gear, making sure that the 
brushes are correctly bedded on the commutator. Replace the end cap 
(H), with the switch handle pointing towards the OFr ” position, and 
screw in securely the fixing bolts. 

The wiper should now be motored and the armature setscrew (K) 
tightened imtil the armature is locked ; then turn back the screw half a 
turn, switch off the wiper, and seal the setscrew. When this has been 
completed, motor the wiper again and ease off the worm-wheel bearing 
setscrew (S), and turn the bearing (P) by means of the screwdriver slot 
until the machine locks solid. Turn back the worm-wheel bearing screw 
until the wiper motors freely with a current consumption of not more 
than 1 amp. ; tighten the setscrew {S), Half-fill the gearbox with a good- 
quality soft grease, replace the cover plate, and tighten securely all screw^s. 

Maintenance 

If the running of the wiper becomes erratic, and it is known that all 
the gearing is perfectly free, inspect the brushes and commutator. 

If the commutator surface is dirty or discoloured it should he cleaned 
with very fine glass- or carborundum paper (do not use emery cloth). 
After cleaning the commutator surface, the slots betw^een the segments 
should be cleared of all deposit. 

The brushes should not be worn below a length of in. (3 '9 mm.), 
and should be properly bedded, i.e. they should he -worn to the commu- 
tator periphery. If they are not, wrap a strip of very fine glass- or 
carborundum paper firmly around the commutator, and with the brushes 
in position rotate the armature by hand in the normal working direction 
of rotation until the correct brush shape is obtained. 

See that the gland nut (U) and w^asher (7) are retained in position. 



ERRATA 

Vol. I, page 60, Pig. 8. Sliould read Dra"s\dng giidgeoa pin 
in with special tool/’ 

Vol. I, page 235, Fig. 4. Sliown upside dowia. 

Vol. II, page 6, 4 lines from bottom. For six main bear- 
ings ’’ read seven main bearings.” 

Vol. ir, page 75, last line. For 50^ ” read 5°.” 

Vol. IV, page 338, line 22. For with read wiU.’’ 

Vol. IV, page 338, next to last line. For dose ” read 
close.” 

Vol. IV, page 342, lines 17 and 19, and page 34:5, line 32. 
For yield ” read field.” 

Vol. IV, page 344, six lines fronr bottom, and page 347, 
line 14. For ‘ shortening ” read shorting.” 

Vol. IV, page 346, line 11. For CII5E read C45E. 

Vol. IV, page 346, lines 26 and 27. For '^mains’ ” read 
'' main.” 




CLASSIFIED KEY 


BODYWORK 


BODY REPAIRS 

Adapting existing bodywork for emergency 
use, iii. 511 

Eody construction, iii. 228, 260 
Body jacks or stretchers, iii. 235, 237 
Breaking welded joints, iii. 247, 267 
Checking alignment of bodies, iii. 237, 265 
Pilling in dents with solder, 255-8 
Pinishing of welds, iii. 255-8 
BEot-metal shrinkage, iii. 26—38 
Monopiece construction, iii. 260 
Morris Ten body, iii. 260 
Patching, iii, 245 

Kemoving body trimmings, iii, 237 
Replacing damaged panels and compon- 
ents, iii. 247-55, 268 
Removing damaged parts, iii. 247 


Removing dents from wings and panels, iii. 
244-5, 26-38 

Removing door centre channels, iii. 242 
Removing door glasses, iii. 241, 269, 273 
Removing no -draught ventilators, iii. 242 
Removing seats, iii. 240 
Removing windows, iii. 242 
Squaring up bodies, iii. 243 
Straightening damaged portions of body, 
iii. 243, 265 

Tools for repairing bodies, iii, 235 
Torch soldering, iii. 255-8 
Welding in new panels and components, iii, 
239-5, 245-55 

REFINISHING 

Cellulose refinishing, iii. 185-200 


BRAKING 


BENDIX BRAKES 

Cam-actuated 

Adjustment, i. 110 
Dismantling, i. 112 
Pitting and relining shoes, i. 114 
Two-leading Shoe 
Adjusting, i. 121 
Dismantling, i. 121 
Operation, i. 120 

BRAKE ADJUSTMENT 

A.P-C-, iii. 458 

Alvis 4'3-litre, Speed 25, and Crested 
Eagle, iii. 118 

Alvis 12/70,_and Silver Crest, iii. 120 

Armstrong, i. 161 

Austin, i. 157 

Bedford, iii. 498, 506, 508 

Bendix {see Bendix Brakes) 

Chevrolet, iii. 137 

Clayton-Dewandr© brake adjuster, i- 417 
Clayton-Dewandro ‘ ‘ servo ’ braking, i. 253, 
284; iii. 226 

Coinmer, iii. 157, 164, 107 
Cowdrey {see Cowdrey Brakes) 

Daimler, i. 158 
Dennis, iii. 327, 330 
Piat, iii. 364 
P'ord, iii. 75 

M.u.o. IV. — 38 


Gilford “ Hera,” iii. 226 
Girling {see Grirling Brakes) 
Lanchester, i. 158 ; iii. 55 
Lea-Francis, i. 158 
Leyland, iii. 392, 394, 395 
Lockheed {see Lockheed Brakes) 
Morgan, iii. 399 
Packard, iii. 80 
Riley, i. 158 
Rover, i. 158 

8. S. Jaguar, i. 158; iii. 93 
Singer, i. 161 
rilling-Steveiis, iii. 90 
Triumph, iii. 440 
Vauxhall, iii. ISO 

BRAKE DRUMS 

Building up by welding, i. 472 
Vauxhall, iii. 176 

BRAKE TESTING 

“ Ferodo ” brake meter, iii. 491 
Machines, iii. 489, 494 
Stopping distances, s^peeds, and tini 
487, 402, 493 

BRAKING NOISES 
Alvis cars, iii. 120 
Triuiapli oars, iii. 44U 
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CLAYTON-DEWANDRE BRAKES 

Articulated six-v;rheel braking, i. 301 
Brake Adjusters 

freeT^heel type, i. 421, 425 
general service notes, i. 422 
liinged-rack type, i. 421 
rack type, i. 417 
remounting shoes, i. 425 
split-rack type, i. 426 
tensioning worm spindle, i. 423 
tliree-pawl type, i. 427 
Dewandre-Lockiieed, i. 253 
Distributor Control Valve 
adjustments, i. 300 
cleaning, i. 299 
dismantling, i. 291 
refilling, i. 293 
Doable unit system, i. 296 
Exhausters, i. 303 • 

Pedal-type servos, i. 297 
Separate reaction valve type, i. 303 
Single unit (Monobloc) servo 
adjustments, i. 294 
dismantling, i. 287 
distributor valve, i. 289 
distributor valve, dismantling, i. 291 
distributor valve, refitting, i. 293 
refitting servo to chassis, i. 293 
reservoirs, i. 287 
testing, i. 285 

Three-unit system (triple servo), i. 296; hi. 226 
Vacuum reservoir, i. 296 


COWDREY BRAKES 

Adjusting, i. 125 
Checking operation, i. 126 
Dismantling, i. 122 


GIRLING BRAKES 

Adjusting for wear, i. 150 
Pitting new brake shoes, i. 151-5 
Operating linkage, i. 155 
Operatioi^ i. 149 

HYDRAULIC-OPERATED BRAKES 

{See Lockheed Brakes) 

LOCKHEED BRAKES 

Bleeding, i. 247 

Combined hydraulic and mechanical brake, 
i. 242 

Dewandre-Lockheed, i. 255 

Master cylinders, i. 235, 238 ; iii. 140, 336 

Shoes, i. 251, 253 

Tandem-tj^e master cylinder, i. 238 
Wheel Cylinders 
adjustable, i. 239 
heavy-vehicle, i. 244 
non-adjustable, i. 240 
overhauling, i. 241 


CLUTCHES 


BORG & BECK CLUTCHES 

Austin 10 h.p., ii. 29 

Clutch- pedal travel and adjustment, i. 
260 

Commer, ii. 189, 210 

Dismantling and reassembling, i. 263-77 ; 
ii. 17, 31, 33 

Faults and remedies, i. 258-9 
Gilford “ Hera,” ii. 238 
Hilknari Minx, ii. 362 
Lanchester, 14 h.p. deluxe, ii. 86 
Misalignment, checking for, i. 282 
Morgan 4/4, ii. 400 
Operation, i. 256 
Overhauling, i. 257-83; ii. 32 
Packard, ii. 53 
Relining, i. 277 
Standard cars, ii, 16 
Tilling-Stevens, ii. 124 
Troubles, ii. 29 

CLUTCH ADJUSTMENT 

A.E.C., ii. 501 
Alvis, ii. 108 
Chevrolet, ii. 339 


Commer, ii. 211, 225 

Diaphragm spring-type clutch, ii. 339 

Fiat, ii. 380 

Gilford “ Hera,” ii. 238 

Guy, ii. 144 

Hillman Minx, ii. 362 

Lanchester, 14 h.p. de luxe, ii. 86 

Loyland, ii. 522, 526 

Morgan 4/4, ii. 400 

Newton-Bennett, ii. 33 

Packard, ii. 53 

Rover, ii. 280 

S.S. Jaguar, ii. 62 

Thorny croft, ii. 555 

Tilling -Stevens, ii. 125 

Triumph, ii. 470 

CLUTCH- ASSEMBLY REMOVAL 
A.E.C., ii. 502 
Commer, ii. 210 
Cone-type clutch, ii. 348 
Dennis, ii. 348 
Packard, ii. 53 
S.S. Jaguar, ii. 61 
Tilling-Stevens, li. 126 
Triumph, ii. 468 
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CLUTCH BRAKES 

A.E.C., ii. mi, 504 

'Tilling- Stevens, adjustment, ii. 126 

CLUTCH OVERHAUL 

A.E.C., ii. 502 

Alvis, ii. 109 

Austin 10 L.p., ii. 32 

Borg & Beck {see Borg & Beck Clutches) 

Chevrolet, ii. 336 

Cone- type clutch, ii. 348 

Bcmiis, ii. 348 

Biaphragiri spring -type clutch, ii. 336 

Biat, ii. 380 

Xeyland, ii. 524 

Rover, ii. 282 

S.S. Jaguar, ii. 62 

Thernycroft, ii. 556 
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CLUTCH TROUBLES 

Cone-type clutch, ii. 348 
Diaphragm spring- type clutch, ii. 337 
Plate Clutches 
Fierceness, ii. 30 
eJudder, ii. 109 
]Noise, ii. 30, 110 
SUp, ii. 30, 282, 470 
Spin, ii. 29 

Dismantling and Assembling Clutches 

A.E.C., ii. 503 
Chevrolet, ii. 339 
Cone-type clutch, ii. 347 
Dennis, ii. 347 

Diaphragm spring- type clutch, ii. 339 
Ford, ii. 41, 42 
Jowett, ii. 299, 302 
'Xhornycroft, ii, 556 


ELECTRICAL EQUIPMENT 


, BATTERIES 

Action, iv. 28 

Care of batteries, iv. 49, 439 

Charging, iv. 25-53 

chargers for battery charging, iv. 31-44 
constant -current, iv. 44—9 
constant potential, iv. 50-4 
preparing for charging, iv. 42 
Construction, iv. 27 
Replating, iv. 426-38 
Specific -gravity test, iv. 43, 425, 438 
Types, iv. 27 

Voltmeter test, iv. 42, 425, 439 

CUT-OUTS 

C.A.V. cut-outs, iv. 459-64 
Delco-Remy cut-outs, iv. 208-10 
Maintenance, iv. 464 
Operation, iv. 208 
Purpose, iv. 89 
Wiring diagram, iv. 87 

DYNAMO CONTROL 
C.A.V. regulators, iv, 455-63 
Compensated- voltage control, i. 5, 89, 339, 
455-63 

Current and voltage control, iv. 4, 1 99, 345 
Oelco-Reiny control units, iv. 179-203 
Div^ided field circuit control, iv. 194 
Electro -magnetic control, iv. 3 
Field switch control, i. 1, 10, 86 
Lamp load control, iv. 10, 185 
Lucas regulators, iv. 342-4, 346 
Split -field dVnamo control, iv. 195 
Step- voltage control, iv. 180 
Thermostat- controlled field resistance, iv. 8 
Third-brush control, iv. 6, 179, 340 
Vibrating current regulator control, iv. 4, 
195 


Vibrating voltage regulator control, iv-. 4, 
186, 341 

DYNAMOS 

Armature faults and testing methods, iv. 
205, 336 

Armatures, iv. 335 
Bedding brushes, iv. 204 
Brush- spring tension, iv. 204, 346 
C.A.V- dynamos, iv. 451 
Checking dynamo performance, iv. 345, 451 
Delco-Remy, iv. 179, 195 
Drop test, iv. 337, 295 
Dynamotor, iv. 333 
Field windings, iv. 332 
Growler test, iv. 296, 337 
Magnetic circuits, iv. 332 
Maintenance, iv. 207 
Refitting dynamo to engine, iv. 453 
Shmit- wound, two -pole dvnaiiios, iv. 195, 
333 

Third- brush adjustment, iv. 8, 293, 346 
Third- brush d>mainos, i. 1, 179 
Winding connections, iv. 333 

ELECTRICAL ACCESSORIES 

Ca r wamiers, iv. 239 

C^igar lighters, iv. 24 I 

Clocks, iv. 237 

Direction indicators, iv. 105 

Gauges, iv. 55, 113 

Hobson telegages, iv. 55 

Horns, iv. 281, 475 

Oil-pressure switch, iv. Iu4 

Speedometers, iv. 1 56 

S.U. electrical pressure pump. iv. 71 

S.U. Petrolift, iv. 69 

AVindscreen defrosters, iv. 235 

Windscreen wipers, iv. 1 35, o8S 
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ELECTRICAL EQUIPMENT GN CARS 

Fiat model 500, iv. 377-86 

Ford, iv. 19-26 

Hillman. Minx, iv. 370-6 

Hudson and Terraplane, iv. 387-406 

Morris Eight and Ten, iv. 531-7 

Packard 6, 8, and Super 8, 1937-9, iv. 76 

Vauxhall, iv. 161 

IGNITION 

Automatic ignitioix timing control, iv. ^53, 
413 

Bench repairs and setting, iv. 551 
Circuit, iv. 91 

Coil-ignition operation, iv. 538 
Coil testing, iv. 323, 409, 526 
Condenser testing, iv^, 324, 528, 553 
Belco-Remy coil ignition, iv^. 407 
Distributor maintenance, iv. 415 
Distributor testing, iv. 326, 418, 554 
Fault location on coil-ignition systems, 
iv. 543 

Ford ignition overhaul, iv. 19 
Sparking plugs, iv. 506 
Switches, iv, 561 

Synchronising circuit-breaker openings, iv. 
412 

Test of general condition of system, iv. 309 
Tests •with sparkmeter, iv. 322 
Tests with vacuum gauge, iv. 233 

LIGHTING 

Alignment of headlamps, iv. 1 69, 585 
Anti- dazzle devices, iv. 266 
Bulbs, iv. 259, 582 
C.A.V. equipment, 581-9 


Focusing headlamps, iv. 265, 585 
Lamp circuits, iv. 260, 589 
Lighting and lamp circuit defects, iv. 266, 
588 

Lucas equipment, iv. 260 
Switch control, iv. 260, 561, 581 

STARTING MOTORS 

O.A.V. starters, iv. 440 
Delco-Remy starters, iv. 348 
Mounting, iv, 443 
Overhaul, iv. 11-18, 356, 444 
Starter drives, iv. 312-18, 348-57, 449 
Starter switches, iv. 177, 352, 450 
Testing for faults, iv. 14, 357, 446, 490 
Torque test, iv. 18, 358 

WIRING 

Fiat model- 500 wiring diagrams, iv. 378, 
380, 385 

Ford wiring diagrams, iv. 22-3 
Hillman Minx wiring diagrams, iv. 371, 374 
How to read car- wiring diagrams, iv. 81 
How to use a circuit diagram in tracing a 
fault, iv. 93 

Hudson and Terraplane wiring diagrams, 
iv. 388-92 

Morris Eight and Ten wiring diagrams, 
iv. 533, 534 

Packard wiring diagrams, iv. 77, 79 
Pauxliall 25 h.p. wiring diagram, iv. 176 
Vatixhall 10 and 12 h.p. wiring diagram, 
iv. 88 

Vauxhall “ Light Six,” 12 and 14 h.p. 

wiring diagram, iv. 172, 174 
M7ring fault tracing and repair, iv. 95 
Wolseley 10/40 h.p. and 12/48, iv, 85 


ENGINES 


BIG-END BEARINGS 

A.E.C. oil-engines, ii. 414, 429, 435 

A.E.C. petrol engines, ii. 497 

Alvis, ii. 106 

Bearing metals, i. 433 

Boring, i. 448 

Chevrolet, ii. 334 

Comnier, ii. IS 7, 2o2, 221 

Daimler " 15.” ii. 405 

Dennis, ii. 343 

Fitting, i. 450 

Ford, ii. 35 

Guy, ii. 136 

Hillman Minx, ii. 36U, 369 

Hud.soii and Terraplane, ii. 389, 395 

Jewett, ii. 302 

Leylautl, ii. 535, 539 

Machining bearings, i. 446 

Oil grooves, i. 450 

Packard, ii. 47 


Remetalling direct -lum connecting rods, i. 
438 

Kemetalling liners, brasses, or shells, i. 435 

8.8. cars, ii. 60 

Scraping in, i. 450 

Standard cars, ii. 7 

Thornycroft, ii. 550 

Til ling -Stevens, ii. 123 

Triumph, ii. 168 

\7iuxhall, ii. 248, 258, 208, 4K4 

CAMSHAFTS AND CAMSHAFT 
BEARINGS 

A.E.C. lOO-h.p. oil-engine, ii. 427 

A.E.C. 75- and Ba-h.p. oil-engii'ies, ii. 434 

A.E.C. petrol engines, ii. 496 

Amstiii 10 h.p., ii. 150, 150, 155 

Dennis, ii. 343 

Fiat, ii. 376 

Hillman Minx, ii. 369 
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Hudson and Terraplane, ii. 392 
Leylaiid, ii. 516, 520, 533, 537 
Morris Eight, removal and replacement, ii 
461, 462 

Morris Ten, ii. 569 
l^ackard, ii. 49 

S.S. cars, bushes, ii. 63 
Standard cars, ii. 8 
Thornycroft, ii. 544 

Triumph, checking free rotation, ii. 1(>5 
Vauxhall, ii. 250, 259, 486 

COMPRESSION’-IGNinON ENGINES 
A.E.O. 115-h.p. 6-cy]., ii. 412 
A.E.C. lOO-h.p. 6-cyl., ii. 424 
A.E.C. 75. and 85-h.p. 4-cyl.,ii, 431 
Combustion heads, ii. 409, 411, 527, 528 536 
Leyland, ii. 527, 536 
Operation, ii. 409, 527, 528 

CONNECTING RODS 

A.E.C. oil-engines, ii. 417, 429, 435 

A.E.C. petrol engines, ii. 495 

Alignment of connecting rods, i. 62, 450 

Austin 10 h.p., ii. 150 

Chevrolet, ii. 333 

Commer, ii. 187, 202, 221 

Daimler “ 15,” ii. 405 

Fiat, ii. 376 

Fitting, i. 450 

Hillman Minx, ii. 360, 369 

Hudson and Terraplane, ii. 389, 395 

Jo wet t, ii. 298 

Leyland, ii. 520, 525 

Morris Eight, ii. 459 

Packard, ii. 47 

Remetalling direct-run connecting rods, i. 
438 

Remetalling liners, brasses, or shells, i. 435 

Repairs, i. 432 

Rover, ii. 285 

S.S. cars, ii. 60 

Standard oars, ii. 7 

Thornycroft, ii. 550 

Vauxhall, ii. 246, 248, 258, 260, 484 

CRANKSHAFTS 

A.E.C. lOO-li.p. oil-ongine.s, ii.429 
Austin 10 h.p., ii. 150, 155 
Broken crankshafts, i. 415 
Chevrolet, ii. 329 
Coinnicr, ii. 1 89, 203, 222 
Crankpin truing tools, i. 4 OS 
Dennis, ii. 13*12 
that, ii. 374 

Grinding crankpins aiul jouriiaLs, i. 411 
Hillman Minx, ii. 3(50, 301 
Hudson and Terraplane, ii. 385 
Jovvett withdrawal, ii. 300, 305 
Lapping, i. 410 


Leyland, ii. 521, 53 
Morris Eight, ii. 450 
Packard, ii. 47 

S.S. cars, ii. 66 
Standard cars, ii. 6 

Straightening bent crankshafts, i. 407 
Testing crankshafts for bend, i. 4u5 
Thornycroft , ii. 549 

Truing up worn and scored crankpins aiul 
journals without grinding, i. 4(>7 
Vauxhall, ii. 251, 258, 268, 487 
Welding broken crankshafts, i. 415 

CYLINDERS 

A.E.O. 160-h.p. oil-engine, sleeves, ii. 424 
Austin 10 h.p., checking, ii. 152 ; reboriiig, 
ii. 159 

Cylinder-bore wear — svinptoins and causes, 
i. 481-98 

F ord, reboring, ii. 40 
Xowett, ii. 297, 395 
Leyland, ii. 520, 535, 540 
Packard, ii. 47 
Ridge removal, ii. 1 55 
Reboring, i. 503-14, 584-608 
Standard ears, i. 3 
Thornycroft, ii. 542 
Vauxball, ii. 247 

Welding repairs to evlinder blocks, i. 466, 
473, 477 

CYLINDER HEADS 
A.E.C. 115-h.p. oil-engines, ii. 412, 413 
A.E.C. 100-h.p. oil-engines, ii. 425 
A.E.C. 75- and 85-h.p. oil-engines, ii. 432 
A.E.C. petrol engines, ii. 493 
Aluminium, testing for distortion, ii. 152, 
157 

Austin 10 h.p., ii. 152, 157 
Deimis, ii. 344 
Fiat, ii. 374 

Hillman Minx, gasket, ii. 354 
Hudson and Terraplane, ii. 38.S 
Leyland oil-engines, 530 
Leyland petrol engines, ii. 517 
Morgan 4 4, ii. 39S 
Removing, i. 338-42 
Replacing cylinder hetids, i. 367 
Thorny croft, li, 542 
Triumph, ii. 173 
Viuixhall, ii. 243, 263, 481 
"Wklding, i. 473 

DECARBONISING 

Alvis ears, ii. 95 
(Vunmer, ii. 186, 197, 215 
Daimler 15,” ii. 4(,»2 
Daimler straight Eight, ii. 575 
Concral notes on decarhonisiiiir, i. 3.37 
Cilford, ii. 22S 
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Guy, ii. 131 
Hillmaa Minx, ii. 353 
Jowett, ii. 296 

Lanchester, 14-h.p. Roadrider, ii. 65 
18 h.p., ii. 70 
10/11 h.p., ii. 73 
14 h.p. de luxe, ii. 75 
“Light 6” 12 h.p., ii. 77 
15/18 h.p., ii. 81 
Morgan 4/4, ii. 397 
Morris Eight, ii. 442 
Morris 'Ten, ii. 561 
Rover, ii. 274 

S.S. cars, ii. 58, 59 
Thorny croft, ii. 543 
Tilling- Stevens, ii. 120 

DISTRIBUTOR DRIVE GEAR 

Fiat, ii. 377 

Ford, reassembling, ii, 40 
Morris Eight, ii. 457 

S.S. cars, ii. 57, 60 
Standard ears, reassembling, ii. 12 
Triumph, ii. 163 

ENGINE DISMANTLING AND 
REASSEMBLY 

A.E.C. llS-h.p. oil-engine, ii. 417 

A.E.C. 100-h.p. oil-engine, ii. 424 

A.E.C. 75- and 85-h.p. oil-engine, ii. 435 

A.E.C. petrol engines, ii. 497 

Austin 10 h.p., ii. 148 

Dennis, ii. 341 

Fiat, ii. 371 

Gilford “ Hera,” ii. 232 
Morris Eight, ii. 455 
Morris Ten, ii. 567 
Vauxhall model “ J,” ii. 489 

ENGINE MOUNTINGS 

Alvis, ii. 103 
Chevrolet, ii. 336 
Cornmer, ii. 185, 208, 223 
Ford, ii. 40 

Floatex bearings, ii. 123 
Gay, ii, 136 

Jowett, ii. 297, 303, 305 
Hillman Minx, ii. 369 
Packard, ii. 47 
Rover, ii. 286 
Tilling -Stevens, ii. 123 

ENGINE TESTING AND TUNE-UP 

Air leaks in intake system, iv. 231, 300 
Automatic advance and retard test, iv. 231 
Balanced running, iv. 230, 308, 310 
Brake-horse-power tests, ii. 586 
Carburettor, ii. 585 ; iv. 307, 310, 329, 365 
Checking engine vacuum, iv. 229 
Compression gauge for making analysis of 
engine condition, iv. 278 


Compression test, iv. 278 
Cylinder bores, iv. 278, 305-6 
Cylinder- head gasket leak, iv. 232 
Equipment, iv. 218, 221 
Exhaust- gas analysis, ii. 587 ; iv. 329 
Exhaust system, iv. 231, 364 
Ignition tests, ii. 582-5; iv. 233, 307-11, 
526-30, 543-51 
Ignition timing late, iv. 233 
Mechanical condition, iv. 227, 278, 305-6 
Petrol- consumption tests, iv. 366 
Piston rings, iv. 233, 278 
Systematic fault diagnosis, iv. 304 
Timing for maximum performance, ii. 

580-92 ; iv. 365 
Valve springs, weak, iv. 232 
Valve timing late, iv. 232 
Valve trouble, iv. 232, 279, 306 
Valves burned or leaky, iv. 232 
Valves sticking, iv. 232 
Vacuum gauge, connecting, iv. 224 
Vacuum gauge, detecting engine faults 
•with, iv. 228, 305-7 

Vacuum gauge, engine testing with, ii. 587 ; 
iv. 221-34 


ENGINE UNIT REMOVAL 
Alvis cars, ii. 101 
Austin 10 h.p., ii. 146 
Cornmer, ii. 188, 207, 223 
Fiat, ii. 370 
Ford, ii. 34 

Gilford “Hera,” ii. 233 
Guy, ii. 138 
Jowett, ii. 296, 305 
Morgan 4/4, ii. 397 
Morris Eight, ii. 453 
Morris Ten, ii. 564 
Packard, ii. 47 
Thorny croft, ii. 559 

S.S. cars, ii. 62 

Vauxhall, 14 h.p. “ J,” ii. 487 

FLYWHEELS 
Fluid Flywheels 
A.E.C., ii. 504 
Lanchester, ii. 82, 83, 84 
Packings, ii. 82, 83, 505 
Flywheel Removal and Fitting 
Austin 10 h.p., ii. 150, 156 
Chevrolet, ii. 333 
Cornmer, ii. 189 
Dennis, ii. 343 
Hillman Minx, ii. 362 
Morris Eight, ii. 459 ,, 

Rover, marks, ii. 276 
Vauxhall, ii. 253, 269 
Starter Ring Gears 

Fitting,!. 385-8; ii. 156, 254, 269, 362 
Hillman Minx, ii. 362 
Vauxhall, ii. 252, 269 



CLASSIFIED KEY 


[YOL. IT.] 599 


IGNITION TIIMING 

A.E.C,, ii. 499; Data, Sheet 

Alvis, Data Sheet 36 

Ai’mstrong Siddeley, Data Sheet 38 

Austin Seven, Data Sheet 17 

Austin Ten, Data Sheet 21 

Austin Twelve, Data Sheet 2 2 

Automatic, iv. 253 

British Salmson, Data Sheet 31 

Chevrolet, Data Sheet 35 

Citroen 12 h.p.. Data Sheet 10 

Commer, ii. 188, 199, 217; Data Sheets 20,29 

Daimler “ 15,” ii. 407; Datasheet 1 

Delag©, Data Sheet 32 

Dennis, ii. 345 

Fiat, ii. 373 

Ford, iv. 21, 24 ; Data Sheets 4, 6 , and 15 
Guy, ii. 134 ; Data Sheet 30 
Hillman Minx, Datei Sheet 11 
Hillman 14 and 20 h.p., Data Sheet 14 
Hotchkiss, Data Sheet 32 
Hudson and Terraplane, Data Sheet 33 
Humber Snipe 21 h.p.. Data Sheet 38 
Jowett, ii. 308 

Lagonda 4J- -litre. Data Sheet 34 
Lanchester 14-h.p. Roadrider, ii. 68 
18 h.p., ii. 79 

10/11 h.p., ii. 74 ; Data Sheet 33 
14 h.p. de luxe, ii. 76 
‘‘Light 6,” 12 h.p., ii. 79 
15/18 h.p., ii. 81 
Lancia, Data Sheet 23 
Lea Trancis, Data Sheet 32 
Magneto timing, ii. 1 24 
M.G. Midget, Data Sheet 2 
M.G. 1^- and 2J^-litre, Data Sheet 2i 
Morgan 4 /4, Data Sheet 37 
Morris Commercial, Data Sheet 23 
Morris Eight, ii. 453 ; Data Sheet 8 
Morris Ten, ii. 569 ; Data Sheet 9 
Morris Twelve, Data Sheet 26 
Morris “ 14 ” and “ 25,” Data Sheet 16 
Packard, ii. 51 ; Data Sheet 30 
Pontiac, Data Sheet 31 
Riley 9 and 1| -litre, Data Sheet 27 
Rover, ii. 278 ; Data Sheets 3 and 5 
S.S. cars, ii. 57 

Standard cars, ii. 13 ; Data Sheets 18 and 19 
Talbot 19 h.p., Data Sheet 28 
Thornyeroft, ii. 548; Data Sheet 37 
Tilling-Stevens, ii. 123 
Triumph, ii. 173, 182 ; Data Sheets 12 and 
13 

Vau:xhall, ii. 252 ; Data Sheets 7 and 28 
Wolseley 12 and 14 h.p.. Data Sheet 25 

MAIN BEARINGS 

A.E.C, 190-h.p. oil-engines, ii. 429 
Austin, ii- 155 
Boring in line, i. 454, 457 
Brasses, remetalling, i, 452 


Chevrolet, ii. 330 

Commer, ii. 189, 203, 222 

Cylindrical bearings, relining, i. 458 

Daimler “15,” ii. 405 

Dennis, ii. 342 

Direct metalling, i. 454 

Fiat, ii. 374 

Ford, ii. 36 

Gilford “ Hera,” ii. 234 
Guy, ii. 135 

Hillman Mins, ii. 360, 361 
Hudson and Terraplane, ii. 385, 387 
Leyland, ii. 521 

Machining relined brasses in lathe, i. 452 

Morris Minor, i. 459 

Packard, ii. 47 

Reaming, i. 458 

Rover, ii. 285 

S.S. cars, ii. 63 

Singer, i. 459 

Standard cars, ii. 6 

Thorny croft, ii. 549 

Tilling-Stevens, ii. 123 

Triumph, ii. 168 

Vauxhall, ii. 251, 258, 268, 487 

MANIFOLDS 

Blowing of gaskets, ii. 1 07 
Ford, ii. 40 

Hillman Minx, removing, ii. 353 
Morgan 4/4, ii. 399 
Morris Eight, ii. 443 
Welding, i. 472 

PISTON RINGS 

Aero multi vent ring, i. 84 

Brico rings, fitting, i. 85 

Bricoflex rings, i. 91 

Clupet rings, fitting, i. 91 

Fitting rings, i. 71 

Hepolite rings, fitting, i. 84 

Removal of rings, i. 71 

Scraper rings, i. 69, 78 

Truing-up ring grooves, i. 71 

Types of rings, i. 69 

AVellworthy rings, fitting, i. 79; ii. 160 

PISTONS 

A.E.C. oil-engines, ii. 417, 429, 435 
A.E.C. petrol engines, ii. 496 
Aerolite, ii. 7 

Alignment, cheeking, ii. 150, 152 

Alignment of pistons, i. 62, 513 

Austin 10 h.p., ii. 150, 152, 160 

Chevrolet, ii. 324 

Commer, ii. 187, 202, 221 

Covmo pistons, i. 63 

Daimler “ 15,” ii. 406 

Dennis, ii. 344 

Fiat, ii, 376 

Fitting pistons, i. 60 
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Ford, ii. 38 

Gilford “Hera,” ii. 237 

Gudgeon-pin fitting and removal, i. 69 

Heplex pistons, i. 67 

Hepolite B.S. pistons, i. 67 

Hepworth and Grandage pistons, i. 67 

Hillman Kinx selective piston asseinbl}-, 

Hudson and Terraplane, ii. 389, 390 
Jackson Heplex pistons, i. 67 
Jowett, ii. 302 

Xanchester, 10/11 h.p., ii. 75 
Xeyland, ii. 520, 535, 539 
Morris Eight, ii. 459 
^Nelson Bohnalite pistons, i. 67 
Xaekard, ii. 48 

Eeplacement of pistons, i. 58, 513 
Specialloid pistons, i. 66 
Standard ears, ii. 7 
Substitution of pistons, i. 58, 513 
Thorny croft, ii. 550 
Tilling- Stevens, ii. 118 
Triumph, ii. 164, 171, 179 
Types of pistons, i. 55 
Yauxhall, ii. 246, 248, 258, 266, 483 

TIMING CHAIN AND GEARS 
A.E.C. 115-h.p, oil-engine, ii. 419, 420, 421 
A.E.C. lOO-h.p. oil-engine, 426 
A.E.C. 75- and 85-h.p, oil-engine, 435, 437 
A.E.C. camshaft pinion, ii. 439 
A.E.C. chain tensioner, ii. 420 
Alvis, chain removal and replacement, ii. 99 
Austin 10-h.p. chain removal, ii. 148 
Chevrolet, ii. 330 
Ford, renewing gears, ii. 37 
J owett, ii. 299, 305 

Xanchester Light 6” 12 h.p., chain re- 
newal, ii. 81 

Leyland, chains, ii. 519, 525, 532, 538 
Morris Eight, ii. 457, 461 
Packard, removing chain, ii. 49 
Rover, chain fitting and adjustment, ii. 277, 
278, 279 

S.S. cars, chain removal, ii. 60 
Thorny croft, chain adjustment, ii. 545 
Tilling-Stevens, ii. 117 
Triumph, chain replacement, ii. 167 
yauxhall, chain, ii. 249, 484 

TIMING COVER 

Austin 10 h.p., replacing, ii. 157 
Hillman Minx, ii. 357 
Standard cars, ii. 9 
Vauxhall 10/12 h.p., oil seal, ii. 249 

VALVE CIEARANCES AND TAPPET 
ADJUSTMENT 

A.E.C. oil-engines, ii. 414, 429, 432 
A.E.C. petrol engines. Data Sheet 36 
Alvis ears, Data Sheet 26 


Armstrong Siddeley, Data Sheet 28 

Austin Seven, Data Sheet 17 

Austin Ten, Data Sheet 22 

Austin Twelve, Data Sheet 22 

British Salmson, Data Sheet 31 

Chevrolet, ii. 335; Datasheet 35 

Citroen 12 h.p., Data Sheet 10 

Commer, ii. 188, 199, 216 ; DataSheeU 20, 29 

Daimler “ 15,” ii. 335 ; Data Sheet 35 

Daimler straight Eight, ii. 559 

Delage, Data Sheet 32 

Dennis, ii. 344 

Fiat, ii. 372 

Ford, ii. 37; Datasheets 4, 6, 8, 15 
Gilford “ Hera,” ii. 229 
Guy, ii. 131 
Jowett, ii. 229 

Hillman Minx, ii. 354 ; Data Sheet 1 1 
Hillman 14 and 20 h.p., Data Sheet 14 
Hotchkiss, Data Sheet 32 
Hudson and Terraplane, ii. 392, 393, Data 
Sheet 33 

Humber Snipe, Data Sheet 38 
Lagonda 4-litre, Data Sheet 34 
Lanchester 14-h.p. Hoadrider, ii. 68 
10/11 h.p., ii. 74 
“Light 6” 12 h.p., ii. 81 
Lancia, Data Sheet 33 
Lea Francis, Data Sheet 32 
Leyland oil-engines, ii. 529, 536 
Leyland petrol engines, ii. 515, 525 
M.G. Midget, Data Sheet 2 
M.G. 1^- and 2J-litre, Datasheet 24 
Morgan 4/4, ii. 398 ; Data Sheet 37 
Morris Commercial, Data Sheet 23 
.Morris “ 14 ” and “ 25,” Data Sheet 16 
Morris Twelve, Data Sheet 26 
Packard, Data Sheet 30 
Pontiac, Data Sheet 31 
Riley 9 and 1 -1-litre, Data Sheet 27 
Rover, ii. 274 ; Data Sheets 3 and 5 
S.S. cars, ii. 56, 61 
Standard, ii. 5 

Standard 9 and 10, Datasheet IS 
Standard 12, Data Sheet 19 
Talbot 10 h.p., Data Sheet 28 
Thornycroft, ii. 543; Datasheet 37 
Tilling-Stevens, ii. 115 
Triumph, ii. 173, 176 

Triumph 14, 12, 10, and 8 h.p.. Data Sheet 1 2 
Triumph 2-litre, Data Sheet 13 
Valve clearances, resetting, i. 368 
Vauxhall, ii. 243, 257, 265,482; Datasheets 
7 and 2% 

Woliseley 12 and 14 h.p.. Datasheet 25 

VALVE GUIDES 

Commer, ii. 216 

Extracting worn valve guides, i. 353 
Fitting new valve guide, i. 353 
Hudson and Terraplane, ii. 393 
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LancKester 14-h.p. Roadrider, ii. C8 

Leyland, ii. 537 

Packard, replacing, ii. 49 

Standard cars, replacing, i. 4 

Tilling-Stevens, ii. 117 

Triumph, ii. 172 

Vauxhall, ii. 245, 257, 264, 482 


VALVE SEATS 

A.E.C. llS-h.p. oil-engine, ii. 413 

Building np by welding, i. 469 

Burning, causes of, ii. 4 

Burnt, recntting, ii. 5 

Commer, inserts, ii. 198, 216 

Cutting, ii. 5, 351 

Bord, ii. 37 

Grinding, i. 354 

Billman Minx, inserts, ii. 355 

Hudson and Terraplane, ii. 393 

Inserts, fitting, i. 359, 389-404 ; ii. 5, 355 

Leyland petrol engines, ii. 515, 517 

Standard ears, ii. 4 

Stellite-faced, ii, 515, 517 

Width of seats, i. 356 


VALVE TIMING 

A.E.C. 6-cyL oil-engines, ii. 414, 429 
A.E.C. 4-cyl. oil-engines, ii, 431, 432, 433 
A.E.C. petrol engines, ii. 493, 495 ; Data 
Sheet 36 

Alvis, ii. 99 ; Data Sheet 36 
Armstrong -Siddeley 16 h.p., Data Sheet 3S 
Austin Seven, Data Sheet 17 
Austin Ten, ii. 157; Data Sheet 21 
Austin Twelve, Data Sheet 22 
British Salmson, Data Sheet 31 
Chevrolet, Data Sheet 35 
Citroen 12 h.p., Data Sheet 10 
Cominer 8-cwt. van, ii. 188; Data Sheet 29 
Commer 15 cwt. and >71 model, ii. 205; 
Data Sheet 20 

Commer N2, N3, N"!, and LKo models, 
ii. 216 ; Data Sheet 20 
Daimler 15, ii. 406 ; Data Sheet 1 
Delage, Data Sheet 32 
Dennis, ii. 344 
Fiat, ii. 372 
Ford 8, Data Sheet 4 
Ford 10, Data Sheet 0 
Ford V-8/30, Datasheet 15 
Gilford “Hera,” ii. 229 
Guy, ii. 332 ; Datasheet 30 
Hillman Minx, ii. 356, 369 ; Datasheet 11 
Hillmai} 14 and 20 h.p., Data Sheet 14 
Hotchkiss, Data Sheet 32 
Hudson and Terraplane, ii. 393; Data Sheet 
33 

Hamber Snipe 21 h.p., Data Sheet 38 

.Towett, ii. 303, 308 

Lagonda 4 4- litre. Data Sheet 34 


Lanchester 10/11 h.p., ii. 74; Data Sheet :{3 

Lanchester “Light 6,” ii. SI 

Lancheister 14-h.p. de luxe, ii. 75 

Lanchester 14-h.p. Roadrider, ii. 115 

Lanchester 15/18 h.p., ii. 82 

Lancia, Data Sheet 33 

Leyland oil-engines, ii. 529, 537 

Leyland petrol engines, ii. 51 o, 525 

M.G. Midget, Data Sheet 2 

M.G. and 24-litre, Data Sheet 24 

Morgan 4/4, Data Sheet 37 

Morris Oonomercial, Data Sheet 23 

Morris Eight, ii. 462 ; Data Sheet 8 

Morris Ten, ii. 569 ; Data Sheet 9 

Morris Twelve, Data Sheet 26 

Morris “ 14 ’’and “■ 25,” Dafei Sheet 16 

Packard, ii. 49 ; DeUa Sheet 36 

Pontiac, Data Sheet 31 

Riley 9- and l^-litre, Data Sheet 27 

Rover, ii. 277 

Rover Ten, Data Sheet 3 

Rover 14 h.p.. Data Sheet 5 

S.S. cars, ii. 61 

Standard cars, ii. 9 

Standard 9 and 10 h.p.. Data Sheet 18 
Standard 12 h.p.. Data Sheet 19 
Talbot 10 h.p.. Datasheet 28 
Thornyeroft, ii, 544 ; Data Sheet 37 
Tilling-Stevens, ii. 117 
Triumph, ii, 165, 173, 182 
Triumph 14, 12, and 10*8 h.p.. Data 

Sheet 12 

Triumph 2-litre, I^ata Sheet 13 
Vauxhall 1() h.p., ii. 249 ; Data Sheet 28 
Vauxhall 12 h.p., ii. 249 ; Data Sheet 7 
Vauxhall 14 h.p., model “ J,” ii. 482 
Wolseloy, 12 and 14 h.p.. Data Sheet 2^) 

VALVES AND VALVE GEAR 
A.E.C. 115-h.p. oil-engine, ii.412 
Alvis ears, ii. 97 
Commer, ii. 198 
Daimler straight Eight, ii. 578 
Fiat, ii. 376 
Ford, i. 347 

Grindiiig-in valves, i. 359-6.5 

Hillman Minx, ii. 354 

Hudson and Terraplane, ii. 392 

Jowett, ii. 302 

Leyland oil-engines, ii. 530 

Leyland petrol engines, ii. 515 

Morris Eight, ii. 444 

Packard, ii. 49 

Hover, ii, 279 

Tilling-Steveris, ii. 115 

Valve, cutting ai\d grinding, i- 351 

Valve removal, i. 344 

Valve springs, testing, i. 365 

Valves, examining for faults, i. 34 s 

Valves, replacing, i. 366 

Vauxhall, ii. 244, 257, 482 



602 [voL. IV.] 


CLASSIFIED KEY 


VIBRATION DAMPERS 

A^djustable type, ii. 312 
Friction disc, ii. 168, 311 
Hudson and Terraplane, ii. 385 
Leyland, ii. 525 


“ Metallastiiie,” ii. 314 
Multiple plate, ii. 309 
Oa Triumph cars, ii. 168 
Vauxhall 14 h.p. “ J,” ii. 484 


FRAME 


Checldng for distortion, iii. 290-6, 301-2 
Design, iii. 290 

Examining for accidental damage, iii. 
290-6, 301-2 

Ford, replacing frame, iii. 76 
Monopiece construction, iii. 260 
Morris Ten, iii. 260 


Reinforcing broken frames, iii. 299, 303 
Repairing crushed -in frame, iii. 297 
Vanxliall frame removal, iii. 568 
Weldirig-in new sections, iii. 298 
Working tolerances and allowable limits of 
error, iii. 307 


FRONT AXLE 


FRONT AXLES 

A.E.C., iii. 456 
Cheeking for damage, iii. 3 10 
Cheeking for loose king-pin, i. 535 
Commer, iii. 157, 161, 166 
Dennis, iii. 332, 334 

Ford stab- axle bushes and radius rods, iii. 74 

Gilford “Hera,*’ overhaul, iii, 219 

Guy, iii. 149 

Hillman Minx, iii. 346 

Leyland, iii. 387, 392 

Magnetic test for cracks, iii. 311, 312 

Morris Ten, iii. 538 

Removing axle from chassis, iii. 557 

Standard cars, straightening beam, iii. 44 

Steering troubles and remedies, i. 538 

Straightening front axles, iii. 312, 558 

Stub -axle checking, iii. 557 

Testing axle beam for accuracy, iii. 313, 561 

Ttiomycroft, iii. 585 

Tilling -Stevens, adjustment swivel pin and 
hub bearings, iii. 89 

Til ling -Stevens, straightening beam, iii. 89 
Triumph, iii. 442 

FRaNT-WHEEL ALIGNMENT 
A.E.C., iii. 456 
Alvis, iii. 122 
Camber, I. 532, 530, 537 

FUEL 

CARBURETTORS 

American carburettors, i. 16 
Basic types of carburettor, i. 12 
Carburettor requirements, i. 10 
Carter carburettors, i. 571 
Chandler & Groves carburettor, i. 20 ; ii. 51 
Claudel-Fobson, i. 16, 19 
Cold -starting systems, i. 18-20 
Constant-vacuum carburettors, i. 12 
Deleo-Kemy automatic carburettor con- 
trols, i. 323-36 

Downdraught carburettor, i. 20 


Caster, i. 531, 537 

Checking front-wheel alignment, i. 536 ; 
iii. 565 

Chevrolet, iii. 136 
Commer, iii. 163 

Correcting front-end alignment, i. 537 

Daimler, iii. 579 

Dennis, iii. 336 

Fiat, 359, 361 

Ford, iii. 74 

Front-end alignment factors, i. 531 
Gilford “ Hera,” iii. 225 
Hillman Minx, iii. 347, 348 
Humber, iii. 104, 109 

Inspection routine before checking front-end 
alignment, i. 535 
King-pin inclination, i. 532 
Morgan 4/4, iii. 401 
Packard, iii. 81 
Standard, iii. 44, 45 
Steering geometry, i. 534 
Steering troubles and remedies, i. 538 
Thorny croft, iii. 585 
Tilling-Stevens, iii. 89 
Toe-in, i. 533 
Toe-out, i. 534 

Track-rod joints and wheel alignment, i. 546 
Triumph, iii. 442, 443 
Vauxhall, iii. 570, 572 

SUPPLY 

Duties of the carburettor, i, 10 
Mixture strength under different conditions 
of running, i. 19 
On Alvis cars, ii. 1 06 
On Commer, ii. 188, 209 
On Daimler “ 15,” ii. 407 
On Fiat, ii. 379 
On Ford, ii. 43 
On Guy, ii. 1 38, 140 
On Packard, ii. 51 
On S.S. cars, ii. 58 
On Standard cars, ii. 106 
On Tilling-Stevens, ii. 121 
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Oa Triumph, ii. 179, 183 
Oa Vauxhall, ii. 254, 259, 269, 489 
Open-chok© carbxirettors, i. 12 
Petrol vaporisatioa from, preventing, ii. 106 
S.U. Carburettors 
Acceleration adjustment, i. 221 
Tismaatliag and refitting, i. 229 
Idling adjustment, i. 218 
Multi -carburettor tuning, i. 227 
Piston fit, i. 229 
Principle of operation, i. 12, 15 
Punaiag adjustment, i. 223 
Speed adjustment, i. 224 
Starting adjustment, i. 217 
'Thermostatically coatrolled starting, i. 
225 

Solex Carburettors 

Adjustment or tuning, i. 32-41 
Diagriosis of faults, i. 41-6 
Principle of operation, i. 16, 17 
Repair procedure, i. 21—32 
Thermostarter, i. 20, 31 
Typical settings, i. 37-40 
Stromberg Carburettors 

Accelerating pump adjustment, i. 380 
Heavy petrol- consumption fault, i. 383 
Main carburettor adjustment, i. 381 
Operation, i. 16, 369 
Petrol level, i. 384 
Power running, i. 382 
Slow-running adjustment, i. 379 
Starting adjustment, i. 374 
Tuning, iv. 365 
Zenith Carburettors 
Acceleration, i. lOO 
Ilifiicult starting, i. 94 
Fuel- consumption faults, i. 103 
Principle of operation, i. 16 
Slow running, i. 96 
Standard settings, i. 1()4 
Starting- from -cold systems, i. 92 
Tuning, i. 102 

OIL-PUEL INJECTION EQUIPMENT 

A.E.C. oil-fuel pump drive, ii. 439 
C.A.V. fuel-injection equipmeut, i. 193-216, 
305-22 

Dismantling and assembly of fuel -injection 
pumps, i. 198-215 
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Fuel-injection troubles, causes and remedies, 
i. 199-200 

Governors and governor maintenance, 
testing, and overhaul, i. 310—22 
Leyland oil-fuel pump drive, ii. 533 
Operation of fuel-injeetion pump. i. 19t) 
Overhauling fuel-injeetion pumps, i. 21(» 
Testing fuel- injection pumps, i. 310 
Timing oil-fuel pumps, L 308 ; ii. 440, 
540 

Types of fuel-injeetion pumps, i. 195 

PETROL FUEL-FEED PUMPS 

A.C. Fuel Pumps 

dismantling and assembly, iv^. 125 
locating troubles, iv^. 121 
maintenance, iv. 133 
pressures, iv. 132 
test stand, iv. 1 25 
types, iv. 120 
Autovac 

maintenance, iv. 66 
operation, iv. 65 
stripping, iv. 243 
Guy, ii. 141 

Mechanical Fuel Pumps 

adjusting petrol pressure of, ii. 13, 164 
operation, iv. 67 
testing, iv. 67 

Petrol consumption excessive, due to high 
fuel-pump pressure, ii. 13; iv. 364 
S.U. Electrical Pressure Pump 
action, iv. 7 1 
pump gets hot, iv^. 75 
refusal to work, iv. 73 
testing, i\r. 74 
S.U. Petrolift 
operation, iv. 69 
servicing, iv. 71 
Standard cars, ii. 13 

Suction- operated fuel-feed tanks, iv. 65, 243 
Tecalemit Fuel- feed Pumps 
fuel-supply tests, iv. 274 
operation, iv. 270 
servicing, iv. 273 

Testing fuel pumps with compression gauge, 
iv. 280 

Tilling-Stevens vehides, ii. 122 
Triumph, ii. 164 


GEARBOXES 


DISMANTLING AND REASSEMBLING 

A.E.C., ii. 505 

Alvis,''ii. 119 

Austin 10 h.p., ii. 22, 27 

Commer, ii. 190, 193, 214, 226 

Dennis, ii. 350 

Fiat, ii. 381 

Ford, ii. 42 


Guy, ii. 142 
Hillman Minx, ii. 363 

Lanchester 14-h.p. deluxe syiiehroniesh, ii. 
83, 86 

Leyland, ii. 526 
Morris Eight, ii. 463 
Morris Ten, ii. 572 
Packard, ii. 53, 54 
Eover, ii. 291 
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S.S. Jaguar, ii. 64 
Standard cars ; 

loss of synchronisation, ii. 19 
synchronising device, ii. 18 
oil seal, ii- 19 
Thornycroft, ii. 558 
Tilling-Stevens, ii. 127 
Triumph, ii. 470, 475 
Vatixhall, ii. 255, 260, 263, 271 

OIL SEALS 

Adjnstable packing gland for mainsliaft, i. 
462 

Austin 10 h.p., ii. 2S 
Gearbox oil seals, i. 460 
Standard cars, ii. 19 
Triumph, ii. 477 
Types of oil seals, i. 460 

OVERDRIVE TRANSMISSION 

Graham overdrive, ii. 315 
Packard overdrive, ii. 321 

OVERHAULING 
A.E.C., ii. 505 
Austin 10 h.p., ii. 24 
Commer, ii. 193, 214 
Ford, ii. 42 

Gilford “ Hera,” ii. 239 
Hillman Minx, ii. 363 
Leyland, ii. 526 

Pre-selective gearboxes (see under separate. 

heading) 

Rover, ii. 292 

S.S. Jaguar, ii. 64 
Synchromesh, ii. 24 
Triumph, ii. 474, 476 
Vanxhall, ii. 255, 262, 271, 492 


PRE-SELECTIVE GEARBOXES 

Adjustment of pre-selective gearboxes, i. 
172-6 

A.E.C. vehicles, ii. 507 
Armstrong-Siddeley cars, i. 163 
Daimler cars, i. 176 

Dismantling pre-selective gearbox, i. 11Q~ 
87 

E.N.V., i. 163-76 

Hudson and Terraplane “^Electric Hand,” 
iv. 393-406 

Lanchester cars, i. 176 ; ii. 86 
Operation of pre-selective gearboxes, i. 
163-72 

Riley cars, i. 163 
Talbot cars, i. 187 
Wilson, i. 163 

REMOVAL OP GEARBOX FROM CHASSIS 

Alvis, ii. Ill 
Austin, ID h.p., ii, 21 
Commer, ii. 190, 213, 226 
Fiat, u. 370, 381 
Gilford “ Hera,” ii. 239 
Morris Eight, ii. 455 
Morris Ten, ii. 571 
Packard, ii. 53 

S.S. Jaguar, ii. 61 
Thornycroft, ii. 557 
Tilling-Stevens, ii. 127 
Triumph, ii. 468 
Vanxhall, ii. 255, 260, 270 

SYNCHROMESH TROUBLES 

Failure of synchromesh action, ii. 19, 20 

Gears slipping out, ii. 26, 476 

Knocking, ii. 25 

Noise, ii. 25, 477 

Roughness, ii. 25 

Whining, ii. 25 


LUBRICATION 


CHASSIS LUBRICATION 

On Alvis ears, iii. 125 
Luvax Bijur system, iii. 201 
Manually operated automatic chassis lubri- 
cation system, iii- 216 
Thermal automatic lubrication system, iii. 
214 

Vacuum -operated automatic lubrication 
system, iii. 202 

ENGINE LUBRICATION 

A.E.C. 115-h.p. oil-engine, ii. 423 
A.E.Ch UlO-h.p. oil-engine, ii. 4.‘U> 

A.E.C. petrol eiigiiie.s, ii. 498 
Alvis, ii. U)3 
Coniraer, ii. 207, 2 IS 
Daimler, ii. 402 
Dennis, ii. 346 

Engine lubricating equipment, iv. 498 


Engine lubricating oils, iv. 297 
Fiat, ii. 377 

Gilford ”Hera,” ii. 235 

Guy, ii. 130, 135 

Hillman Minx, ii. 358 

Hudson and Terraplane, ii. 387, 394, 396 

Jowett, ii. 300 

Lanchester, ii. 74 

Leyland petrol engines, ii. 513 

Morgan 4/4, ii. 399 

Morris Eight, ii. 451 

Oil pres.sm ‘0 causes and cures, ii. 104 
Packard, ii. 49 ^ 

Pressure lubrication, iv. 295 

S.S. cars, oil filter, ii. 61 
Thornycroft, ii. 552 
Tilling-Stevens, ii. 113 
Triumph, ii. 170, 176, 178, 181 
Vauxliall, ii. 241, 257, 263, 479 
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OIL FILTERS 

Tecalemet, ii. 218 

OIL GAUGES AND INDICATORS 
Oil-level Gauges 

Combined petrol and oil gauge, iv. 116 
Oil-pressure Gauges and Indicators 
Electric oil-pressure Uelegauge, iv. 58 
Oil-pressure switches, ii. 69, 479; iv. 104 
Oil-pressure switches on Yaioxhall cars, 
ii. 241 

On Lanchester cars, ii. 69, 75 

OIL PUMPS 

A.E.C. 115-h.p. oil-engiae, ii. 423 
A.E.C. lOO-h.p. oil-engiae, ii. 430 


PROPELLER SHAFT 

A.E.C., iii. 464 
Alvis, iii. Ill 
Commer, iii. 156, 158, 164 
Ford 6-\\’heeler intermediate torque tubes, 
iii. 72 

Gilford *‘Hera,” iii. 227 
Guy, iii. 143 

Hardy Spicer universal joints, i. 142 

REAR 

BEVEL-GEAR DRIVE 

Adjustment, i. 551 
Alvis, iii. 113 
Austin, iii. 277-288 
Ball-race housing; wear I’epaii’, i. 560 
Bedford, iii. 495, 505 
Commer, iii, 155, Hil 
Crown-wheel adjustment, i. 553 
Crown-wheel, removal and replacement, i. 
568 

Crown-wheel, testing for truth, i. 569 

Differeatial constructioa, i. 5()3 

DiEereatial dismantling, i. 568 

Differeatial failure, i. 564 

Differeatial wear, i. 565 

Fiat, iii. 353 

Gilford “Hera,” iii. 222 

Guy, iii. 148 

Hillmaa Minx, iii. 344 

Hypoid, iii. 78 

Morgan 4/4 car, iii. 399 

Morris^Eight, iii. 429 

Noises, i. i549, 556 ; iii. 277 

(Oil seals, i. 463 

Packard, iii. 77 

Pinion adjustment, i. 554 

Pinion mountings, i. 560 

Pinion-shaft sleeves, i. 5(iL 


Alvis, ii. 104 

Austin 10 h.p., ii. 155 

Commer, ii. 187, 201, 219 

Dennis, ii. 346 

Fiat, ii. 379 

Gilford “ Hera,” ii. 237 

Hillman Minx, ii. 358 

Hudson and Terraplane, ii. 394 

Jowett, ii. 300 

Leyland, ii. 513 

Morris Eight, ii. 452 

Morris Ten, ii. 568 

Packard, ii. 49 

IS.S. cars, ii. 59, 63 

Standard cars, ii. 1 1 

Thorny croft, ii. 552 

Triumph, ii. 170, 181 

VauLxhall, ii. 242, 257, 263, 471) 


AND UNIVERSAL JOINTS 

Layrub universal joint, i. 429 
Leyland, iii. 369 
Morgan 4/4, iii. 398 
Scammell mechanical horse, iii. 405 
Standard cars, iii. 39 
Thorny croft, iii. 581 
Tilling-Stevens, iii. 84 


AXLE 

Pinion-shaft wear, i. 561, 56 i! 

Pinion troubles, i. 560 
Eover, iii. 435 
S.S. Jaguar, iii. 93 
Standard cars, iii. 43 
Tauxhall, iii. 172, 178, 183, 573 

DOUBLE-REDUCTION GEAR 

A.E.C., iii. 455 
Leyland, iii. 381 

HUBS 

Alvis, iii. 1 13 
<’oiumer, iii. 150 
(lilford, iii. 223 
(hiy, iii. 146 
Morgan, iii. 309 
Leyland, iii. 373 
Tilling-Stevens, iii. 86 

REAR- AXLE CASINGS 

(.'heckiiig rear axle for accidental daiuagc, 
iii. 314 

Differential casing, i. 562 
Reinforcing axle casing to stand I'Xtra 
loading, iii. 316 

Straightening axle casing, i. AoS ; in. 315 
on casings, i. 551) 
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SHAFTS 

A.E.C., iii. 449 
Austin, iii. 289, 280 
Bent-shaft straightening, i. 557 
Dennis, iii. 326 
Fractured shaft, i, 557 
Gilford “Hera,” iii. 222 
Hillman Minx, iii. 342 
Leyland, iii. 373 
Morris Eight, iii. 429 
Morris Ten, iii. 538 
Rover, iii. 435 
S.S. Jaguar, iii. 93 


Standard, iii. 43 
Twisted shaft, i. 557 
Vauxhall, iii. 170, 176, 177, 181 

WORM-GEAR DRIV^E 

A.E.C., iii. 450 
Differential mountings, i. 366 
Lanchester, iii. 49, 54 
Leyland, iii. 373 
Repairs, i. 370 
Tilling'Stevens, iii. 85 
Worm-wheel removal, i. 568 


STEERING 

Operation, i. 524 
Thornycroft, iii. 587 


BISHOP STEERING GEAR 

Anangements of Bishop gear, i. 128 
Commer, iii. 163, 167 
Guy, adjustment, iii. 150 
Guy, drop-arm removal, iii. 151 
Lanchester, iii. 58 
Overhauling, i. 134 
Reassembling, i. 140 
Rocker shaft and peg, i. 129 
Service adjustment, i. 130 
Standard cars, adjustment, iii. 46 
Steering -eoltimn bearings, i. 129 

BURMAN-DOUGLAS STEERING GEAR 

Adjusting, i. 517 
Commer, iii. 157 
Daimler, iii. 578 

Ford, assembling steering nut, iii. 76 
Overhauling, i. 517 

Standard cars, remedying wear, iii. 45 
Vauxhall, adjusting, iii. 179 

MARIES STEERING GEAR 

Adjustment, double-roller type, i. 523 

Adjustment, single-roller type, i. 519 

Alvis, adjustment, iii. 122 

Dismantling, i. 518 

Gilford “ Hera,” adjustment, iii. 224 

Lanchester 14-h.p. de luxe, iii. 60 

Overhauling, i. 518 

Standard cars, adjusting, iii. 46 

Tilling- Stevens, adjustments, iii. 89 

NARLES-WELLER STEERING GEAR 

Adjustment for wear, i. 524, 526 
Description, i. 524 


STEERING GEAR 

{Se& also under Bishop, Burman- Douglas, 
Maries, and Maries -Weller,) 

Austin, i. 527 

Cam and follower type, i. 515 
Fiat, iii. 362 
Hour-glass worm, i. 527 
Morris Commercial, i. 530 
Morris Eight, steering- column assembly, 
iii. 422 

Morris Ten, steering- column assembly, 
iii. 542 

Packard, iii. 82 

S.S. ears, steering column, iii. 95 
Scammell mechanical horse, iii. 403 
Steering troubles and remedies, i. 538 
Worm-and-nut type {see Burman-Douglas) 
Worm -and- wheel type, i. 515 
Worm and worm sector, i. 527, 530 ; 
iii. 362 

STEERING JOINTS 

Adjustable steering-ball joints, i. 544 

Adjusting joints, i. 546 

Alvis, checking joints, iii. 122 

Fiat, iii. 361 

Hillman Minx, iii. 349 

Oil-less rubber-cushioned joint, i. 546, 547 

Play ill ball joints, i. 546 

Self-adjusting ball joints, i. 543, 544 

Steering troubles due to joints, i. 538 


SUSPENSION 


INDEPENDENT FRONT-WHEEL 
SUSPENSION 

Bedford JCV 10/12-cwt. van, iii. 501 

Buiek, iii. 304 

Chevrolet, iii. 126, 136, 305 

Citroen, iii. 306 

Coil-spring suspension, iii. 304 


Daimler, iii. 304 

Examination for suspected damage to 
units, iii. 304—7 '' 

Fiat, iii. 357 

Helical-spring calculations, iii. 482 
Hillman, iii. 306 
Humber, iii. 97-110, 306 
Knee-action, iii. 126 
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Lanchester 14 h.p. de luxe, iii. 56 
Morgan 4/4, iii. 400 
Oldsmobile, iii. 304 
Opel, iii. 305 
Packard, iii. 81, 304 
Standard cars, iii. 44, 306 
Stndebaker, iii. 306 
Torsion -bar suspension, iii. 306 
Yauxhall, iii. 62, 305, 570 

LEAF SPRINGS 

Alipment of leaves, iii. 350 

Pnilding up new spring, iii. 473 » 

Causes of spring failure, iii. 467 

Extra-load leaves, iii. 485 

Eord, reassembling springs, iii. 77 

Eorming spring eyes, iii. 474 

Hardening and tempering spring leaves, iii. 

471 

Hillman Minx, iii. 350 
Leyland, iii. 395 
Location of centre bolt, iii. 484 
Maintenance, iii. 350 
Packard, rear suspension, iii. 81 
S.S. cars, iii. 95, 96 
Spring calculations, iii. 474 
Spring steel, iii. 471 


Spring wedges, iii. 4S4 

Standard cars, replacing springs, iii. 48 

Temporary repair of broken springs, iii. 470 

Thomycroft, iii. 591 

Types of springs, iii. 470 

Vauxhall, rear springs, iii. 175 

SHOCK ABSORBERS 

Alvis, iii. 123 
Andre multiplex, iii. 402 
Andre hydro-telecontrol shock absorbers, 
iii. 528 

Luvax hydraulic shock absorbers, iii, 1-25 
Morgan 4/4, iii. 401, 402 
Packard, iii. 83 

Scammell mechanical horse, iii. 404 
Vauxhall, rear, iii. 176 

SPRING SHACKLES 

Curing spring- shackle rattle, iii. 443 
Hillman Minx, iii. 349 
Leyland, iii. 395 
Morris Eight, iii. 422 
Screwed shackles, iii. 422, 477 
Shackle pins and bushes, iii. 422, 477 
Silentbloc bushes, iii. 477 


WATER COOLING SYSTEM 


FANS 

A.E.C. 115 -h.p. oil-engine, ii. 419, 421 
A.E.C. lOO-h.p. oil-engine, ii. 431 
A.E.C. petrol engines, ii. 497 
Balancing, ii. 11 
Commer, ii. 186, 205 
Dennis, ii. 345 
Fiat, belt tightening, ii. 381 
Guy, belt adjustment, ii. 136 
Hudson and Terraplane, belt adjustment, 
ii. 395 

Leyland, ii. 532 
Packard, ii. 52 

Standard cars, balancing, ii. ID 
Thomycroft, ii. 550 
Tilling- Stevens, ii- 118 
Triumph, belt replacement, ii. 153 
Yauxhall 14 h.p., ii. 490 

RADIATORS 

Pacliator flow test, ii. 490 

Badiator repairs, iii- 545 

I'se of anti -freeze in radiators, iv. 290 

THERMQSTATS AND THERMOMETERS 

Checking thermostats, iv. 286 
Commer therino.stat, ii. 207 


Packard thermostat, ii. 52 
Pump-type thermostats, iv. 286 
Smith thermostats, iv. 286-90 
Thermometers, iv. 294 
Thermo-syphon type thermostats, iv. 288 
Vauxhall thermostat, ii. 490 
Water temperature Telegauge, iv. 58 

WATER PUMPS 

A.E.C. 115-h.p. oil-engine, ii, 419, 422 

A.E.C. 100-h.p. oil-engine, ii. 431 

Alvis, ii. 108 

Commer, ii. 204, 220 

Daimler “ 15,” ii. 402 

Demiis, ii. 345 

Gilford “ Hera,” ii. 237 

Guy, ii. 136 

Lanchester, ii. 70, 75 

Leyland, ii. 521, 526 

Morris Ten, ii. 570 

Packard, ii. 52 

Rover, ii. 285 

Squeaks from pump, ii. 70, 108 
Standard cars, ii. 11 
Thomycroft, ii. 551} 

Til ling -Stevens, ii. IIS, 119 
Triumph, ii. 173, 181 
Vauxhall, ii. 255, 260, 265, 490 
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A.C. fuel pumps, iv. 119 
pressures, iv. 132 
testing, iv. 121 
Ace solder spray gun, iii. 255 
Ackerman, steering, i. 534 
A.E.C.— 

automatie brake adjusters, 
iii. 461 

brake layout, iii. 459 
brake -shoe rubbing plates, 
iii. 46 1 

chassis, iii. 449 
clutch (all types), ii. 499 
clutch adjustment, ii. 50 1 
double-reduction rear axle, 
iii. 453 

fluid fly'^^heel, ii. 504 
gearbox, ii. 505 
oil engines, ii. 410 
pre-selective gearbox, ii. 
507 

propeller shafts, iii. 4G4 
radiator, iii. 555 
rear axles, iii, 449 
reliiiing brakes, ii. 511 
six-cylinder oil-engino, ii. 
412 

spring shackles, iii. 465 
swivel axlo and brake 
drum, iii. 458 
underslung rear-axle drive, 
iii. 451 

A.E.C. oil-engine— 

camshaft pinions, ii. 439 
camshaft removal, ii. 434 
combustion chamber, ii. 
4H 

four-cylinder, ii. 431 
oil pump and lubrication, 
ii. 423 

pistons and coimocting 
rods, ii. 417 

power regulation, ii. 411 
rear axle worm wheel, 
adjusting, iii. 452 
sectional drawing, ii. 415 
timing, ii. 433 
timing- chain arrangement, 
ii. 418 

timing chain, replacing, ii. 
438 

water pump and dynamo 
drive, ii. 421 

A.E.C. lOO-li.p. oil-engine — 
engine, ii. 425 


A.E.C. 109-h.p. oil-engine — 
Gontd. 

oil pump, ii. 430 
timing-gear drive, ii. 426 
A.E.C. petrol engine, ii. 493 
crankshaft locking device, 
ii. 494 

fan arrangement, ii. 497 
oil-pressure regulation, ii. 
498 

piston-ring fitting, ii. 496 
timing, ii. 494 
Aero piston rings, i. 84 
Aid on pnemnatic valve gi’in- 
der, i. 362 

All-steel bodies (see Bodies) 
Aluminium cylinder-head 
testing surface, ii. 1 52 
Alvis — 

bevel pinion, iii. 114 
brakes, iii. 118 
clutch, ii. 108 
engine moxmting, ii. 102 
gearbox, ii. 109 
oil-pressure release valv'e, 

ii. 105 

petrol vaporisation, ii. 107 
rear axle, iii. Ill 
starter location, ii. 112 
steering, iii. 120 
timing engine, ii. lOO 
timing gear, ii. 97 
\'alve removal, ii. 94 
A mal — 

flame trap, iv'. 484 
flowmeter, iv. 366 
Ambulance conversion from 
van, iii. 518 

Andre hydro -telecontrol 
shock absorbers, iii. 528 
fitting, iii. 537 
loss of pressure, iii. 536 
maintenance of, iii. 531 
model EX, iii. 532 
model HC, iii. 533 
Anti-dazzle devices, iv. 266 
Armature — 

drop test, iv'. 336 
testing, iv. 15, 208, 336 
testing apparatus, iv. 445 
testing, by growler, iv. 337 
Armstrong Siddeley, Girling 
brake,!, 161 

Austiii, bevel-meshing tool, 

iii. 282 


Austin Seven — 

bevel-shaft driving flange 
withdrawal, iii. 287 
rear axle, iii. 277 
torque- tube units, iii. 285 
Austin Ten — 

bevel-drive units, iii. 281 
clutch, ii. 29 

connecting rod and piston, 
ii. 151 

engine, ii, 145 
engine and gearbox, re- 
moving, ii. 146 
engine, dismantling, ii, 145 
engine, reboring, ii. 154 
fitting Wellworthy rings, 
ii. 158 

gearbox, ii. 30 
Grirling brake, i. 156 
rear axle, iii. 277 
steering, i. 528 
timing chain, ii. 1 47 
universal extractor, iii. 278 
valve timing, ii. 151 
Automatic carburettor con- 
trol, Delco-Bemy, i. 323 
Automatic ignition timing, 
iv. 253 

Autovac fuel pump, iv. 67, 
244 

Axle beam straightening, iii. 
310 

Axles, front, i. 531 ; iii. 
357 

A.E.C., iii. 456 
Chevrolet, iii. 136 
Commer, iii. 157, 162 
Dennis, iii. 332 
Fiat 500, iii. 353 
Ford, iii, 74 
Gilford, iii. 219, 225 
Guy, iii. 148 
Hillman Minx, iii. 34<.) 
Lanchester, iii. 56 
Leyland, iii. 371, 387 
Packard, iii. 78, 81 
Standard, iii. 42 
straightening, i. 537 ; iii. 
310 

Triumph, iii. 442 
Vauxhall, iii. 62 
Axles, rear — 

A.E.C.,iii.449 
Alvis, iii. 112 
Austin, iii. 277 
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Axles, Bear — Uontd. 

Bedford, iii. 495 
Commer, iii. 158 
Dermis, iii. 325 
Fiat 500, iii. 353 
Ford, iii. 7 1 
G-ilford, iii. 222 
G-ny, iii. 145 
Hillman Minx, iii, 341 
Lanchestex, iii. 49 
Leyland, iii. 372 
Morgan, iii. 399 
Morris Ten “ M,” iii. 538 
repair of, i. 549 ; iii. 314 
Rover, iii. 432 
Scammell iii. 407 

Standard, iii. 40 
straightening, iii. 315 
test for accuracy, iii. 49 
Vanxhall, iii. 169, 182, 573 
Axle shaft- 
fractured, i. 557 
straightening bent, i. 557 
twisted, i- 557 

Axles, stub, general layout, 

iii. 211 

BaBbitt melting-pot, i. 433 
Ball races, removal of, i. 212 
B & T valve-seat insert tool, 
using, i. 396 
Batteries — 

care of, iv. 49, 439 
preparing for charging, iv. 
42 

replabing, iv. 424 
testing, iv. 43, 438 
types of and operation, iv'. 
27 

Battery and starter testing, 

iv. 487 

Battery cables, size of, iv. 49 1 
Battery chargers — 

commutating rectider, iv. 
31 

copper- oxide rectifier, iv. 39 
ionic rectifiler, iv. 34 
motor generator, iv. 34 
selenium rectifier, iv. 42 
thermionic valve rectifier, 
iv. 35 

Battery charging — 

constant current, iv. 43 
constant-potential method, 
iv. 50 

series method, iv. 44 
series -parallel conneetLt)i i, 
iv. 4^ 

1 Bedford— - 

brake layout (model K), 
iii. 499 

chassis, K, M, and 0 
models, iii. 495 

M.R.O. IV — 38a 


Bedford — Gontd. 

JCV l()/12-cwt. van, front 
hub and brakes, iii. 503 
rear axle (model K), iii. 495 
spiral-drive pinion, iii. 496 
Bedford brake adjustment — 
JCV 12/12-cwt. van, iii. 507 
models M and O, iii. 500 
Bendix brake — 
adjustment, i. 114 
anchorages, i. 108 
cam actuation, i. 109 
servicing, i. 107 
two -leading shoe type, i. 
120 

Bendix starter drive, iv. 312, 
349, 355 

Bevel-pinion, Alvis, iii. 114 
Bevel-pinion oil seals, i. 465 
Bicromium and Brimocrome 
valve-seat inserts, i. 392 
Bi-metal electric gauge, Bob- 
son, iv. 55 

Bishop steering, i. 128 
adjustment, i. 130 
dismantling, i. 135 
fitting cam roller, i. 138 
lapping hush, i. 137 
on 16 and 20/25 -cwt. Com- 
mer, iii. 163 
on Standard, iii. 46 
Black & Becker valve-seat 
tester, i. 365 
Bodies — 

mono-construction, iii. 260 
Bodies, steel — 

alignment of, iii. 265 
body Jack in use, iii. 235 
breaking welds, iii. 247 
cutting out parts, iii. 229 
filling with solder, iii. 257 
fitting quarter panel, iii. 2 32 
fitting door pillar, iii- 23 1 
oxy-acetylene welding n 
pairs, iii. 230 
patching, iii. 245 
repairing crushed baek- 
panel, iii. 251 

repairing damaged side, 
iii. 253 

repair of, iii. 26, 228 
scuttle repair, iii. 249 
stock parts, iii. 263 
tools for repair, iii. 236 
Body-- 

hlling spray gun, iii. 255 
jack, iii. 241 
lifting tackle, iii. 418 
parts, Morris Ten, 8eri(*s 
“ M,” iii. 201 

repairs hy hotinetal slirii ik- 
agd, iii. 26 

reshaping of, iii. 250 


Bohiialite piston, i. 57 
Borg & Beck clutches, i. 256 
additional adjust nient on 
14R2, 16R, and 16R2, 
i. 262 

adjusting, i. 276 
assembling, i. 269 
dismantling R and E2, i. 
262 

dismantling R. R2, 6|A-G, 
and knife edge, i. 263 
faults and remedies, a. 258 
inspecting for faults, i. 266 
kntTe-edge fulcrum tvpe, i, 
261 

lining up toggles, i. 278 
mechanical faults, i. 270 
misalignment of, i. 282 
pedal travel, i. 260 
release-lever action, i. 261 
relining, i. 279 
setting with gauge, i. 275 
worm thrust race, i. 257 
Box frame jig, iii. 306 
Brake drums, building up 
worn, i. 47 2 
Brakes — 

Alvis, iii. 118 

Bedford JCY 10/12-cwt., 
iii. 503 

Bedford (model “K”), iii. 
498 

Bendix, shoe adjustment, 
i. 118 

Bendix servicing, i. 107 
Chevrolet, iii. 137 
Claytion Dewandre, i. 284 
Compensation on “ SS ” 
iii. 94 

Cowdrey, i. 122 
Cowdrey compensator, i. 
125 

Daimler, Girling, i. 158 
Dennis, iii. 337 
Fiat 500, iii. 364 
Ford, iii. 75 
Gilford, iii. 22 1 
Girling, i. 149 
Lane tester, iii. 55, 57 
Leyland, iii. 392 
Lockheed, i. 233 
IVIorgan, iii. 399 
Packard, iii. 7s 
relining, i. 249 
Servo, i. 284 
'fillings- St e\’c 11 .-, iii. 9<> 
\'auxliall, L6, 12 h.]>. arid 
14 h.p., iii. JSit 
: Brake testing- - 
1 meter, iii. 489 
i stopping distaui-es (table), 
iii. 492 

Bricoflex piston ring, i. 
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Brico piston rings, i. 86 
Brinnell test on axles, iii. 313 
Bumper straightening by 
hydraulic jack, iii. 240 
Burman -Douglas steering, i. 
516 

“ Burma ” valve-seat tool, i. 
393 ; ii. 149 

Bush, spring, removing tool, 
iii. 350 


Cab, platform over, construct- 
ing, iii. 515 
Camber angle, i. 532 
Camshaft — 

, gear-wheel puller, ii. 330 
removing, ii. 331 
testing gear wheel for 
truth, ii. 332 

Cams, worn, building up, iv. 
151 

Cancelling switches, traffi- 
cator, iv. 110 

Capacity meter, use of, iv. 529 
Car — 

greasing and lubricating 
equipment, iv. 499 
noise detection, iv. 3 19 
warmers, electric, iv. 239 
washing plant, iv. 247 
Carbon brushes, bedding, iv. 
443 

Carburation, elements of, i. 9 
Carbux'ettor — 

adjusting for maximum 
performance, ii. 585 
auto -control (Beleo-Remy), 
i. 323 

Carter, i. 571 

on x^lv^is Silver Crest, ii. 107 
on Ford 8 and 10, ii. 41 
on “S.S.,” ii. 57 
on Vauxhall, ii. 259, 270 
pump type, i. 19 
Solex, i. 17, 21 
Stroinberg, i. 369 
S.U.,i. 11, 217 
Zenith, i. 97 
Carburettor settings — 

Guy, ii. 139 
Tilling-Stevens, ii. 122 
Triumph, ii. 183 
Carter carburettors, i. 57 1 
Caster angle, i. 531 
C.A.V.— 

axial starter, iv. 441 
control boards, iv. 452 
cut-outs, iv. 461 
dynamos, iv. 451 
headlamps, iv, 581 
lamps, iv. 587 
oil-fuel pumps, i. 193, 305 


Q.k.V.—Contd. 

starter brush spring pres- 
sures, iv^. 446 
starters, iv. 440 
starters, clutch, iv. 449 
starters, clutch torque test, 
iv. 448 

switchboards, iv. 561 
switches, iv. 570 
switch panels, iv. 568 
voltage controller (type 
B2), iv. 453 

voltage cut-out and regu- 
lator, iv. 343 

windscreen wipers, iv. 588 
C.A.V". regulator — 
type BJ, iv. 457 
types BG, BJ, BK, iv. 458 
types B1 and B2, iv. 455 
Cellulose — 

enamelling, iii. 191 
standard colour composi- 
tion, iii. 196 
Cellulosing, iii. 185 

application of filler coat, 
iii. 185 

filling and stopping, iii. 187 
final coat, iii. 191 
finishing, iii. 193 
flatting, iii. 190 
masking, iii. 188 
stopping, iii. 187 
“ Centrilock ” valve -seat in- 
serts, i. 398 

Charging batteries {see Bat- 
tery charging) 

Chassis alignment, iii. 266, 
393 

Chassis {see Frame, etc.) 
Chevrolet — 

brake adjustment, iii. 139 
checking crankshaft, ii. 327 
clutch, ii. 336 
engine, ii. 324 
independent suspension, iii. 
126 

knee action, iii. 126 
main bearings, ii. 328 
pistons, ii. 324 
Cigar lighter, electric, iv. 241 
Clayton-Dewandre — 

automatic brake adjusters, 
i. 417 

-Lockheed brake, i. 253 
Clayton-Dewandre vacuum 
brake — 

adjustment, i. 294 
distributor valve, i. 291 
exhauster, i. 303 
onA.E.C., iii. 462 
pedal -type servo, i. 297 
refitting servm, i. 293 
single -unit servo, i. 284 


Clayton-Dewandre vaeuimi 
hv3Lke~~Contd. 
with reservoir, i. 296 
with separate reaction 
valve, i. 303 
Clocks, electric, iv. 237 
“Clupet” piston rings, i. 90 
Clutch — 

A.E.C., ii. 499 
Alvis, ii. 108 
Austin 17001, ii. 29 
Borg & Beck, i. 256 
Chevrolet, ii. 336 
Commer, ii. 189, 210 
Dermis, ii. 349 
fiat 600, ii. 380 
Oilford-Hera, ii. 236 
Gruy, ii. 142 
Hillman Minx, ii. 363 
Lanchester 15/18h.p., ii. 83 
Ley land, ii. 522 
Morgan, ii. 400 
Packard, ii. 60 
plate, alignment of, i. 280 
Hover, ii. 280 
spring tester, ii. 30 
“ S.S.,” ii. 61 
Standard, ii. 14 
Thornycroft TC/4, ii. 555 
Tilling-Stevens, ii. 124 
Triumph Gloria, ii. 468 
Yauxball Fourteen, ii. 489 
Coach conversion into van, 
iii. 521 
Coal gas — 

adjusting petrol engine for 
use on, iv. 485 
as substitute for petrol, iv. 
482 

flame trap, iv. 484 
Coil ignition, iv. 538 
bench repairs, iv, 551 
fault finding, iv. 542 
Coil testing, iv. 216, 322, 557 
Commer — 

front axle, type ^2, iii. 16(5 
L"2, N3, Fi4, M5, and LN5, 
clutch and gearbox, ii. 
225 

propeller ■ shaft Layrub 
couplings, iii. 164 
rear axle, type N2, iii. 165 
removing and renovating 
valve inserts, ii. 1 98 
transmission on models 
M2, H3, N4, and LN5, 
iii. 164 

tyre-pressures, iii. 167 
Coiriiner, carburettor settings, 
ii. 209, 224 

Commer 8-cwt. van — 
clutch, ii. 1 89 
crown wheel jigs, iii. 154 
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Oomrner 8-cwt. van — Co tcl. 
engiae and suspension, ii. 
185 

gearbox, ii. 190 
rear axle, iii. 157 
servicing, iii. 153 
Commor 15-cwt. and N1 
models — 

cylinder head, ii. 198 
front axle, iii. 161 
gearbox, ii. 213 
main bearings, ii. 203 
propeller shaft, iii. 158 
pnmp position for ignition 
timing, ii. 207 
rear axle, iii. 159 
steering, iii, 163 
water-pump impellor, ii. 
271 

Commer ISTS and Ll^S models 
cylinder head, ii, 215 
Commutators, undercutting 
mica, iv. 446 

Compensated- voltage control, 
iv. 339 

Compression gauge, engine 
testing vrith, iv. 278 
Compression -ignition engine 
fuel-injection pumps, i. 
193, 305 
Condenser — 

effect on control points, iv. 
415 

testing, iv. 321, 526, 530 
Connecting rod — 

Chevrolet dipper, ii. 334 
Lanchester, ii. 57 
repairs, i. 432 
Connecting rods — 
aligning, i. 448 
checking clearances of, ii. 
334 

checking piston alignment, 
i. 449 

correct £t, i. 446 
lathe boring jig, i. 445 
machine boring, i. 443 
moulding bearings in sand, 
i. 438 

oil-groove designs, i. 447 
running bearings, i. 434 
runiaing metal direct, i. 
438 

Constant - potential battery 
chargiiig, iv. 50 
(.'‘oiitact-point pressure, iv. 
415 • 

Controllers, IJ'elco-Hcniy, iv. 
180 

Copper-oxide rectilier, iv. 59 
CQvmo pistons, i. 63, 65 
Cowdrey brakes, i. 122 
cciinpensator, i. 126 


(ill 


Cowdrey brakes — Contd. 
expander, i. 124 
servneing, i. 122 
Crankpin trueing tools, i. 408 
Crankshaft — 

dial-gauge test, i. 406 
grinding operation, i. 411 
laps, i. 409 

main bearings (aligning), i. 
413 

repairs, i. 405 
straightening, i. 407 
welding, i. 415 
Crown wheel — 

and bevel pinion, correct 
and incorrect positions, 
i. 555 

back-lash measurement, i. 
554 

jig, 8-cwfc. Commer, iii. 154 
Crown wheels, testing for 
truth, i. 569 
Crypton engine — 
tester, i. 4 ; iv. 218 
timing equipment, iv. 215 
Current -voltage controllers, 
American practice, iv. 
343 

Cut-out, Deleo-Remy, iv. 209 
Cylinder block — 

Lanchester, ii. 67 
repair of, iii. 316 
Cylinder- bore wear, causes 
and effects, i. 481 
Cylinder — 

gauge, Mercer, i. 59 
grinding, i. 499 
head joint, breaking, i. 340 
head, nut tightening, i. 339 
head, testing flatness, ii. 152 
liners, fitting, i. 608 
testing with micrometer, i. 
59, 600 

Cylinder boring — ■ 

from base of block, i. 498, 
589 

from top ofblock,i.508, 5S4 
“ in situ,” i. 507, 593 
methods, i. 499, 584 
sloping head blocks, i. 599 

Daimler, Girling brakes, i. 158 
Daimler 15 — 
engine, ii. 401 
mixture control, ii. 4U7 
pistons, ii. 4(J7 
timing, ii. 407 

l>ainiler Straiglit Kiglit (3o- 
litiv) — 

brakes, iii. 576 
cylinder - block removal, 
and replaL-emeiit, ii. 577, 
578 


' Daimler Straight Eight (Si- 
litre) — Contd. 
decarbonisingeiigiiie, ii. 575 
steering, iii. 578 
tappet adjustment, ii. 579 
valves, ii. 578 
wheel alignment, iii. 578 
Damper, Triumph, ii. 168 
Dampers, vibration, ii. 309 
Decarbonising, i. 337 
Guy, ii. 131 
Lanchester, ii. 66 
Defroster, electric, iv. 235 
Delco-Remy — 

automatic carburettor con- 
trols, i. 323 

centrifugal control distri- 
butor, iv. 413 
coil ignition, iv. 407 
contact-point pressure, iv. 
415 

controllers, iv. 179, 193 
current -voltage regulator 
test specifications, iv. 2 10 
cut-outs, iv. 209 
distributors, iv. 412 
distributors, British made, 
iv. 417 

distributors, synchronising 
breakers, iv. 421 
dynamos, iv. 179 
over-running clutch 
starter, iv. 350 
service coil, iv. 409 
starter (clutch type) drive, 
iv. 315 

starting motors, iv. 349 
step-voltage test specifica- 
tions, iv. 212 

switch extension coil, iv. 
408 

testing apparatus, iv. 197 
third- brush d ^mamo, iv , 1 7 9 
vacuum - control distribu- 
tor, iv. 413 
Dennis — 

brake, iii. 337 
clutch (cone tvpe), ii. 341, 
347 

engine, ii. 341 
front axle, iii. 333 
lilting flywheel, ii. 343 
front -wheel hub, iii. 333 
gearbox, ii. 350 
rear axle, iii. 325 
rear-axle hub, iii. 321) 
rear b ra ke - shoe adjust- 
ment, iii. 338 
swivel axles, iii. 335 
timing, ii. 344 
water -pump, ii. 349 
Dewandre seivo brake [ .x e 
Clayton- Dewandre) 
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Dial gauge for measuring 
cylinder 'bore, i. 509 
Diaphragm, engine control, i. 

320 

Diesel engine cycle, ii. 410 
Differential construction, i. 
563 

Differential failures, i. 564 
Differential gears — 

taking up slack in, i. 565 
wear in, i. 567 
Differential repairs, i. 562 
Dipper-switch circuits, iv. 262 
Distributor — 

double -lever type, iv. 543 
Ford F-S, iv. 20 
Packard, ii. 48 
synchroscope, iv. 327 
Triumph, ii. 163 
Down-draught carburettor, i. 
9 

Down-draught carburettor. 
Zenith, i. 95 
Drain pipe, roof, iii. 273 
Drop test, iv. 336 
Dlunb-irons, repair of, iii. 297 
Duo-focal reflector, iv. 267 
Dyer starter drive, iv. 350 
Dynamos — 

C.A.T., iv. 451 
checking perfonnanee of, 
iv. 449 

Delco-Beiny, iv. 179 
Fiat 500, iv. 379 
internal diagrams, iv. 332 
maintenance of, iv. 203, 453 
Dynamos and charge-control 
systems, iv. 332 
Dynamo voltage control,!. 1, 
180, 338, 455 

Earthing cable dimensions 
test, iv. 489 

Eccentric ball joints, i. 544 
Electric — 

ear warmers, iv. 239 
clocks, iv. 237 
defrosters, iv. 235 
gauges {see Gauges) 
testing apparatus, iv. 319, 

321 

“ Electric hand,” Hudson, iv. 
393 

Engine — 

tester ( Cry p ton), i. 4 
testing by compression 
gauge, iv. 278 
timing equipment, i\'. 215 
vibration dampers, ii. 309 
Engines— 

adjusting, for inaxinuiin 
performance, ii. 580 
A.E.C., ii. 410 


Engines — Con id. 

Alvis, ii. 100 
Austin Ten, ii. 145 
Chevrolet, ii. 324 
Daimler 15, ii. 401 
Daimler, Straight Eight, 

ii. 575 

Dennis, ii. 341 
Fiat 500, ii. 371 
Gilford Fera, ii. 228 
Hillman Minx, ii. 353 
Hudson and Terraplane, ii. 
385 

Jowett, ii. 295 
Danchester, ii. 65 
Deyland oh-, ii. 527 
Deyland petrol, ii. 513 
Morgan 4/4, ii. 397 
Moms Eight (Series E), ii. 
441 

Morris Ten (Series M), ii. 
561 

Hover, ii. 273 
Standard, ii. 1 
Triumph, ii. 161 
■VauxbaU 10 and 12h.p., ii. 
241 

Yauxhall Foui*teen, ii. 479 

gearbox, i. 163 

rear axle on Lanchester, 

iii. 54 

Etliylene-glycol, iv. 291 
Exhaust-gas analyser, ii. 

587, iv. 328, 367 
Extreme-pressure oils, iv. 30 1 

Fan assembly. Standard ii., 1 1 
Fan, Guy, ii. 136 
Fault diagnosis, systematic 
location, i. 3, iv. 304 
Ferodo brake-testing meter, 
iii, 489 
Fiat 500— 

body overhaul, iii. 365 
brakes, iii. 364 
clutch, ii. 380 
crankshaft and bearings, ii, 
374 

differential, iii. 357 
dynamo, iv. 379 
electrical equipment, iv. 37 7 
engine, ii. 371 
engine cross-section, ii. 379 
front springing:, iii. 357 
front- wheel detail, iii. 361 
gearbox, ii. 381 
lighting switch, iv. 3S,‘{ 
lubrication, ii. 377 
radiator, iii. 363 
rear axle, iii. 353 
removing engine, ii. 370 
repair tools, iii. 355 


Fiat 500 — Qcntd. 

starting motor, iv. 382 
steering adjustment, iii. 
361 

transmission brake, iii. 364 
valve and ignition timing, 

ii. 372 

valve data, ii. 378 
willing diagram, iv, 378, 380 
Field-coil testing, iv. 6, 14 
Field -coil windings, iv. 335 
File, for gapping piston rings, 
i. 77 

Filling dents in bodywork, 

iii. 257 
Filter, oil — 

on. Guy, ii. 134 
on Triumph, ii. 178 
Filters, Dennis, ii. 346 
Flowmeter, petrol, iv. 366 
Flywheel — 

alignment of, i. 281 ; ii. 333 
building up teeth of, iv. 146 
Flywheel, fluid — 

A.E.C-, ii. 504 
Lanchester, ii. 82 
Flywheel starter gears, fit- 
ting, i. 385 
Ford — 

brakes, i. 159 ; iii. 75 
differential, iii. 72 
8 and 10 carburettor, ii. 41 
electrical system, iv. 19 
front axles, iii. 75 
general overhaul, ii. 34 
petrol and oil gauge, iv. 24 
preloading pinion bearing, 
iii. 71 

rear axles, iii. 71 
steering, iii. 75 
timer test (distributor), h'. 
19 

torque tube, iii. 73 
Y-8 engine bearer, ii. 39 
Y-8 valve assembly, ii. 3(5 
wiring diagrams, iv. 22 
Frame- 

alignment, iii. 266 
checking, iii. 293 
front impact, effect of, iii. 
296 

icinforcemeiit, iii. 303 
repairs, iii. 289 
repairs, reinforcing, iii. 305 
repair when crushed iu, iii. 
299 

.side impart, effect of, iii. 295 
Freezing points of othyhnit'- 
glycol, iv. 291 

Front gantry for lorry, iii. 517 
Fr 0 n t - w h eel al ig ri ni on-, 
chocking, i. 535 
j Fuel-consumption test, ix. 3(i 
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F nel-mjection pump, C.A.Y.- 
r)arrel aud plimgers, i. 107 
(‘ontrol-rod bashes, i. 210 
delivery valve holder, i. 200 
diaphragm idling control, 

i. 320 

dismantling, ete., i. 205 
outputs, i. 215 
plunger clearance, i. 305 
pneumatic governor, i. 318 
quadrants and sleeves, i. 
212 

removing plunger guides, i. 
208 

repair tools, i. 201 
speed governors, i. 309 
timing, i. 308 
trouble chart, i. 190 
type BPF, i. 195 
type BPF, i. 196 
Fuel, low-grade, adjusting 
engines for maximum 
performance on, ii. 580 
Fuel pump — 

A.C., iv. 119 
A.utovac, iv. 66 
heavy, i. 193 
pressures, iv. 132 
Fecalemit, iv. 269 
test stand, iv. 08, 131 
Fuel pumps, iv. 65, 119 
Fuel supply, flowmeter, iv. 
366 

Cap file, piston ring, i. 77 
Cas-bag crate for van, iii. 526 
Gas, exhaust analyser, iv. 328 
Gauge — 

compression, iv. 278 
Mercer cylinder, i. 59 
oil, Ford, iv. 24 
oil, Hobson, iv^ 55 
petrol and oil, iv. 113 
petrol, electrical, iv. 113 
petrol, Hobson bi-metal, 
iv. 55 

valve seat, i. 359 
Gearbox — 

A.E.C., ii. 505 
Alvis, ii. 109 
Austin Ten, ii. 20 
Commer S-cwt., ii. 190, 
Commer 15-cwt. and Yl, 

ii. 209 

Bennis, ii. 350 
Fiat 50(7, ii. 381 
Guy, ii. 141 ; iii. 143 
Hillman Hinx, ii. 362 
Lanehester solf-cdiangin g, 
ii. 86 

hey land, ii. 526 
muinshaft oil seal, i, 462 
Morgan, ii. 400 


Gearbox — ContJ. 

Morris Eight, ii. 46.3 
Morris Ten, ii. 56 1 
oil seals, i. 460 
Packard, ii. 51 
Hover, ii. 273, 289 
self-changing in Lanclies- 
ter, ii. 87 
“ SS,”ii. 63 
Standard, ii. IS 
Thomycroft TCY4, ii. 55(i 
Tillings -Stevens, ii. 127 
Triumph Gloria, ii. 470 
Vauxhall, ii. 270 
Gear-teeth adjustment, iii. 
173 

Gear-wheel alignment, ii. 330 
Gear-wheel puller for cam- 
shaft, ii. 330 
Gilford-Hera — 
brakes, iii. 227 
clutch, ii. 227 
clutch adjustment, ii. 236 
engines, ii. 227 
foot-brake adjustment, iii. 

223 

front-wheel brakes, iii. 225 
gearbox, ii. 239 
hand-brake adjustment, iii. 

224 

lubrication system, ii. 235 
main bearings, ii. 234 
selector gear, ii. 237 
timing case and chains, ii. 
231 

timing chart, ii. 230 
transmission, iii. 227 
water -pump, ii. 237 
Girling brakes, i. 149 
Girling brakes — 

Austin 10-12 and 14h.p., 
i. 157 

fltting shoes, i. 153 
Lanehester, iii. 56 
Lea -Francis, i. 158 
pflungers, i. 152 
Riley, i. 159 

Rover, Riley, “SS,” Ford, 
Lea-Francis, Lanehester, 

i. 158 

shoe expander, i. 150 
Governor, engine pneumatic, 

ii. 320 

Graham overdrive, ii. 315 
Grinding valve faces, i. 349 
Grinding A’alve seats, i- 355 
G rowler, armature test, iv. 33 7 
Gudgeon pin — 
lit ting, ii- .326 
removal of, i. 60, 64 
Guy— 

carburettor settings, ii. 1 39 
chit oh, ii. 144 
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riiy — Contd. 
engine, ii. 129 
front axle, iii. I 49 
gearbox, ii. 142 
radiator, ii. 131 
rear axle, iii. 145 
timing, ii. 133 
water-piiinp, ii. 133 

j Hardy -Spicer—— 

joint on A.E.G., iii. 464 
universal joint, i. 142 
Headlamps — 

alignment of, iv. 169 
focusing, iv. 265, 585 
Helical springs, calculation 
of, iii. 482 

^ Heplex ‘‘ I ” piston, i. 67 
1 Hepolite piston, i. 66 
i Hepworth &■ Grandage pis- 
i tons, i. 67 
J Hillman -Minx — 
j chassis, iii. 349 
! clutch, adjustment, ii. 363 
crown wheel and bevel 
adjustment, iii. 347 
crown-wheel jigs, iii. 343 
differential adjustment, iii. 
346 

electrical equipment, iv. 370 
engine, ii. 353 
front axle, iii- 346 
gearbox, ii. 362 
gearbox locking plunger, 
ii. 367 

lubrication system, ii. 355 
rear axle, iii. 341 
springs, iii. 350 
switch connections, iv. 372 
tappet clearance, ii. 354 
timing, ii. 357 
valve timing, ii. 356 
wiring diagram (1938), iv. 
374 

wiring diagram (1939), iv. 
371" 

Hinges, resetting, iii. 259 
Hobson Telegage — 
electric, iv. 55 
li(|iiid, iv. 55, 60 
Holdiiig-dowii belts, removal 
of, iii. 4 It) 

Hook's joint, i. 142 
Horn, Klaxon, iv. 281 
Horns, Lucas, iv. 475 
Hot -metal shrinkage, body 
repairs, iii. 26 
; Hour-glass steering, i . 52 7 
‘ Hudson — 

(1938) 112 89, wiring <lia. 
gram, iv. 391 

(1939) 16-9, wiring dia- 

i gram, iv. 38S 
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Hudson — Oontd. 

(1939) Six, wiring dia- 
grain, iy. 389 

Hudson and Terraplane — 
(1935) clutch circuit break- 
er, iv. 399 

(1936-7) clutch circuit 
breaker, iv. 400 
connecting-rod bearings, ii. 

389 

electrical equipment, iv. 387 
6lecti*ic hand, iv. 393 
electric hand (1936-7), iv. 
403 

electric-hand wiring dia- 
gram (1938), iv. 405 
engines, ii. 386 
main bearings, ii. 387 
oil-pressure release valve, 
ii. 394 

piston -ring clearances, ii. 

390 

tuning, ii. 393 
(1937) wiring diagram, iv. 
392 

(1938) wiring diagram, iv. 
390 

Humber — 

front- wheel suspension, iii. 
97 

torque rod, iii. lOO 
Hydraulic brakes — 

bleeding, i. 245 ; iii. 337 
Xanchester, iii. o5 
Lockheed, i. 233 
Hydraulic jack for body 
repairs, iii. 237 
Hydraulic jacks, iv- 465 

Ignition — 

coil current consumption, 
iv. 541 

Helco-Remy, iv. 407 
faults, systematic diag- 
nosis, iv. 319 
Ford, iv. 19 
tester, iv. 325 
tests with vacuum gauge, 
iv. 233 

timing, automatic, iv. 253, 
413 

vacuum control, iv. 257, 41 4 
Independent front-wheel sus- 
pension — 

Bedford, iii. 501 
Buick, iii. 304 
Chevrolet, iii. 126, 305 
Citroen, iii. 306 
Daimler, iii. 304 
Hillman, iii. 306 
Humber, iii. 97, 306 
Lanchester, iii. 58, 65 
Oldsmobile, iii. 304 


Independent front-wheel sus- 
pension — Contd. 

Opel, iii. 305 
Packard, iii. 78, 304 
Standard, iii. 44, 306 
Studebaker, iii. 306 
Yauxhall, iii. 62, 305, 570 
Yauxhall 10, 12 and 25 h.p., 
iii. 65, 572 

Tauxhall 14 h.p., iii. 570 
Indicators — 
traffic, iv. 105 
wiring diagrams, iv. 105 
In -situ” overhaul, i. 503 

Jack, body, iii. 241 
Jackall hydraulic jack — 
fault diagnosis, iv. 471 
junction boxes, iv. 469 
pump distributor, iv. 467 
Jackall jacking system, iv.465 
Jowett — 

breather valve, ii. 303 
clutch, ii. 302 
dismantling timing gear, ii. 
300 

engine, ii. 295 
removing cylinder, ii. 297 
timing marks, ii. 305 
twin engine, ii. 295 
withdrawing connecting 
rods, ii. 298 

King-pin inclination, i. 532 
Klaxon horns, iv. 281 
Knee action, Chevrolet, iii. 126 
Koilster ignition tester, iv. 411 

Lamps — 

alignment of, iv. 169, 585 
focusing, iv. 265, 585 
types of, iv. 269 
Lanchester — 

fluid flywheel, ii. 82 
10-h.p. engine, ii. 73 
12 -h.p. (Light Six), timing, 
ii. 80 

14 -h.p. engine, ii. 76 
14 -h.p., timing, ii. 78 
Girling brakes, i. 158 
self-changing gearbox, ii. 86 
worm shaft oil-retaining 
gland, i. 464 

Layrub joints on A.E.C., iii. 
464 

Layrub propeller-shaft uni- 
versal joint, i. 430 
Lea-Francis, Girling brakes, i. 
158 

Legal repairs, i. 47 
Lein by repairer, i. 51 
Leyland — 

ante-chamber type oil-en- 
gine, ii. 536 


Leyland — 0 ontd. 

axle removal, iii. 385 
Beaver and Octopus 
brakes, iii. 392 
Beaver, Octopus, and Titan 
road springs, iii. 395 
bevel-pinion shaft, iii. 381 
camshaft assembly, ii. 516 
camshaft timing -wheel ar- 
rangement, ii. 515 
clutch, ii. 522 
cylinder-head nuts, ii. 517 
differential side bearings, 
iii. 375 

direct injection cavity pis- 
ton engine, ii. 529 
double-reduction axle, iii. 
383 

engine cross-section, ii. 518 
front axle (Beaver and 
Octopus), iii. 387 
front axle (link), iii. 391 
front axle (Titan), iii. 389 
gearbox (Beaver and Titan 
chassis), ii. 526 
hub bearings (Beaver, Oc- 
topus, and Titan), iii. 386 
hub assembly, iii. 371 
Light Six engine, ii. 524 
Light Six timing chain, ii. 
525 

Light Six water -pump, ii. 
525 

Linx brakes, iii. 395 
Linx road springs, iii. 397 
lubrication system, ii. 513 
main bearings, ii. 521 
masked inlet valve, ii. 530 
oil-engine, ii. 527 
piston dimensions, ii. 521 
propeller shaft, iii. 369 
rear axle, iii. 372 
replacing timing chain, ii. 
519 

Titan brakes, iii. 394 
track rod end, iii. 388 
transmission damper, iii. 
370 _ 

valve-timing precaution, ii. 
532 

water-puinp, four-cylinder 
engine, ii. 522 
worm wheel and shaft, iii, 
376 

Leyland oil-engine — 

auxiliary turbulent com - 
hustion. chamber, ii. 536 
big-end bearings, ii. 539 
cylinder -head tightening, 
ii. 531 

fuel -pump timing, ii. 510 
pistons, ii. 535 
timing, ii. 529 
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Leyland oil-engine. — Contd. 

valve timing, ii. 537 
Ley land petrol engines, ii. 513 
Ley land petrol engines (Titan 
and, Beaver), timing, ii. 
515 

Lighting — ■ 

circuits, iv. 260, 589 
svpitch control, iv. 260, 581 
Liners, cylinder, fitting, i. 608 
Loading racks, iii. 514 
Lockheed brakes, i. 233 
Lockheed brakes — 

adjustable type, Tvheel 
cylinder, i. 240 
automatic adjuster, i. 245 
barrel type master cylin- 
der, i. 236 
bleeding, i. 245 
cylinder clamp, i. 252 
chagramniatic layout, i. 235 
fitting replacement shoes, 

i. 246 

integral type tandem mas- 
ter cylinder, i. 239 
non-adjnstable type vrheel 
cylinder, i. 240 
overhauling master cylin- 
der, i. 237 

relining shoes, i. 248 
slotted shoes, i. 253 
tank type master cylinder, 

i. 236 

telescopic cylinder, i. 244 
transverse wheel cylinder 
ofbisectorexpander,i.243 
wheel cylinder leakage, i, 
233 

Lo ckheed -Clay ton - D e wandr e 
brake, i. 253 

Lorry, increasing height of 
sides, iii. 512 

Low- temperature cast-iron 
welding, i. 479 
Lubrication — 

Fiat 500, ii. 377 
Gilford, ii. 235 
oils, iv. 295 

Standard car thermal, iii .46 
Lucas — 

horns, iv. 475 
horns, tracingfaults, i\\ 481 
Mellotone horn circuits, iv. 
477 

P.L.C. switch, iv. 261 
rubber starter drive, iv. 316 
S.L.C.l switch, iv. 260 
suction windscreen wnper, 
dismantling, iv. 497 
suction windscreen wiper 
valve gear, iv. 495 
voltage controller, RF50, 
iv. 343 


Luvax-Bijur chassis lubrica- 
tion, iii. 201 

Luvax-Bijur lubrication — 
chassis layout, iii. 204 
connecting-link bearings, 
iii. 17 

front axle, iii. 211 
meter valves, iii. 206 
rear shackle, iii. 210 
Luvax shock absorber, iii . 1 

Magnetic test for axle flaws, 

iii. 311 

Main bearings— 

F ord “ AA ” metalling jig, i. 
455 

Ford “ Y-S ” metalling jig, 
i. 456 

Ford “ y' ” metalling jig, i. 
455 

Gilford-Hera, ii. 234 
Morris Minor rear, i. 459 
pouring hot metal, i. 453 
precaution on Ohe\Tolet, ii. 
328 

reaming in line, i. 457 
repairs, i. 452 
setting in lathe, i. 452 
Singer rear, i. 468 
Standard, ii- 6 
Maries steering — 
gear, i. 518 

Tillings-Stevens, iii. 87 
Vanxhall 25 h.p., i. 525 
Maries Weller steering, i. 524 
Master cylinder, Lockheed, i. 
236 

Mercer cylinder gauge, i. 59 
Metered gear- oil equipment, 

iv. 500 

Mica sparking plugs, iv. 519 
Mono -construction bodies, iii. 
260 

Morgan — 

brake relining, iii. 399 
clutch, ii. 400 
4/4 engine, ii. 397 
exhaust -valve cover, ii. 
399 

gearbox, ii. 400 
oil pressure, ii. 399 
rear axle, iii. 399 
shock absorbers, iii. 401 
tappet clearances, ii. 398 
transmission, iii, 398 
Morris commercial steering, 

i. 529 

INIorris Eight, Series E — 
body removal, iii. 426 
chassis and body, iii. 422 
detachable panel, ii. 441 
distributor dowel removal, 

ii. 449 


Morris Eiglit , Series E. — 
Contd. 

electrical equipment , i v. 53 1 
engine, ii. 441 
fitting piston, ii. 458 
gearbox, ii. 463 
instrument panel wires, iii. 
427 

oil-pump removal, ii. 451 
radiator removal, iii. 424 
rear-axle shaft and differ- 
ential, iii . 429 
remov'ing camshaft, ii. 461 
remov'ing distributor drive 
gear, ii. 457 

removing engine and gear- 
box as a unit, ii. 455 
removing fl.j’wheel, ii. 459 
remov'ing piston and con- 
necting rod, ii, 456 
removing timinggear, ii, 466 
removing socond-gearbush, 

ii. 465 

selector plungers, ii. 463 
spring mountings, iii. 422 
steering, iii. 425 
sump removal, ii. 450 
synchro-hub, ii. 466 
timing, ii. 462 
windscreen -wiper mechan- 
ism, iv. 531 

wiring diagram, iv. 533 
31 orris Ten, Series M — 
body points, iii. 261 
chassis, iii. 538 
differential, iii. 539 
front and rear axles, iii. 538 
removal of front axle and 
steering, iii. 541 
removal of steering column, 

iii. 544 

removing instrument panel 
and windscreen-wiper 
mechanism, iv^ 536 
removing rear hub, iii. 539 
steering-wheel extractor, 

iii. 543 

trafiicator switch, iv. 535 
I wiring diagram, iv. 534 
^ Mudguards, repairing, iii. 35, 
196 

■ Miifiie for welding, i. 475 
Miiltiveiit piston ring, aero, 

i. 84 

■ Xoises on cars, remedy of, iv. 

319 

; Oil filter on Triumph, ii. 17 8 
i Oil gauge - 
I Ford, i\'. 24 

*Hobsoii l>i-inetal, iv. 58 
Hobson electric, iv, 55 
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Oil- 

gauges, iv. 113 
leak on gearbox primary 
shaft, i. 461 

Oil- less track rod joint, i. 546 
Oil pressure — 

Hudson aud Terraplane, ii. 
394 

Morgan, ii. 399 
release valve, Alvis, ii. 105 
release valve, on Triumph, 
ii. 162 

Vauxliall, ii. 241 
Oil pump — 

removal on Morris Eight, 
ii. 451 

Thornycroft TC/4, ii. 552 
Vauxhall, ii. 242 
One-shot lubrication, iii. 201 
Optical track tester, iii. 292 
Overdrive — 

adjustment on Packard, ii. 
322 

transmission, Graham, ii. 
315 

transmission, Packard, ii. 
321 

Over-running clutch starter, 
iv. 350 

Oxide-cathode rectifier, iv. 36 
Oxy -acetylene welding, iv. 
145 

cams, iv. 151 
cast-iron, i. 466 
flywheel teeth, iv. 146 
repairs to steel bodies, iii. 
230 


Pt\ckard — 
brakes, iii. 7 8 
clutch, ii. 46, 50 
electrical equipment, iv.70 
engine, ii. 4(5 
front axle, iii. 81 
gearbox, ii. 46, 52 
Dverdiive adjustment, ii. 
322 

overdrive system, ii. 321 
pinion, preloading of, iii. 78 
preloading test on gearbox 
bearings, ii. 54 
rear axle, iii. 78 
steering, iii. 82 
valve chamber, ii. 46 
Patching bodies, iii. 246 
Petrol- consumption tests, iv. 
365 

Petrol gauge, iv. 1 13 
Ford, iv. 24 

Hobson hi -metal, iv. 55 
Hobson liquid, iv. 60 
Petrolift, “SIT,” iv. 70 


Petrol pump — 
electric, iv. 69 
on Standard, ii. 12 
“ SU,” iv. 70 

Peti-ol pumps, iv. 119 

Petrol vapori.sation, Alvi.s, ii. 
107 

Piston, testing alignment, ii. 
150 

Piston ring — 

Aero, i. 84 
Brico, i. 84 

clamp, Wellworthy, i. 81 
Clupet, i. 90 
gapping, i. 68 
gauge, i. 88 
grinding, i. 76 
groove turning, i. 80 
groove wear, i. 80 
measuring, i. 78 
multivent aero, i. 84 
removal pliers, i. 69 
remover, “ Zim,” i. 71 
removing, i. 71 
scraper position, i. 75 
Simplex- Wellworthy, i. 83 
testing, i. 73 
turning jig, i. 78 
■WeUworthy, i. 81 

Pistons — 

A.E.C., ii. 417 
and piston rings, i. 55 
Bohnalite, i. 57 
checking by micrometer, i . 
55 

Chevrolet, ii. 324 
fitting, i. 68 

fitting gudgeon pins, ii. 326 
Heplex “ I,” i. 67 
top installation, i. 81 
Yauxhall, ii. 247 

Pliers for removal of piston 
rings, i. 69 

Pneumatic govoriior, ongine, 
ii. 330 

Pneumatic valve grinder, i. 
363 

Preloading Ford pinion bear- 
ing, iii. 71 

Preloading pinions, iii. 71, 78 

Preloading test on gearbox, 

ii. 54 

Pre-seloctive gearbox, i. 163 
A.E.C., ii. 507 
E.Y.W, i. 163 
overcoming fierceness on 
A.E.C., ii. 509 
Talbot, i. 187 

Pressure, fuel pump, iv. 132 

Propeller shaft — 

15 and 20/25-cwt. Commer, 

iii. 158 

on Standard, iii. 39 


Pump — 

A.C.,iv. 119 
carburettor, i. 19 
carburettor inechanisin, i. 
JOG 

fuel, C.A.V. injection, i. 
193, 303 

fuel. Standard, ii. 12 
fuel, “ SF,” iv. 70 
heavy fuel, i. 193 
petrol, on Triumph, ii. 165 
water-, Gilford, ii. 237 
water-, on Commer, ii. 217 
water-, on Guy, ii. 135 
water-, on Triumph, ii. 
168, 173 

water-, Hover, ii. 287 
water-, Yauxhall, ii, 265 
Pumps, fuel, iv, 119 

Radiator — ■ 

A.E.C. , iii. 555 
blanking off faulty tube, 
iii. 550 

bottom tank, removing, iii. 
547 

fixing, Guy, ii. 131 
overflow pipe, faulty, iii. 
551 

repairs, iii. 546 
temporary repair of, iii. 549 
test, ah’ pressure, iii. 547 
testing, iii. 546 
test tank, ii. 488 
top tank, fitting, iii. 553 
tube gland, iii. 560 
vertical tube, fitting liner 
in, iii. 554 
Radiator repairs — 
hexagon film block, iii. 548 
lioneycoinb film block, iii. 
552, 554 

interleaved film block, iii. 
551 

leak at tank and joint, iii. 
550 

vertical tube block, iii. 552 
Roar axle — 

ball-racG housing wear, i. 
560 

noises, i. 556 
repairs, i. 549 
.shaft oil seal, i. 463 
straightening by heat and 
press, iii. 315 
testing adjustment, i: 556 
testing jig, i. 559 
pinion trouble, i. 560 
Roar axles — ■ 

continual fracturing of axle 
shafts, i. 558 

crown wheel adjustment, i. 
553 
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Rear axles— 

jDiniori sleeve assembling, i. 
561 

removal of crowm and worm 
wbeels, i. 568 

removing diifereiitial, i. 565 
screwed sleeve pinion ad- 
justment, i. 552 
Reboring — 

Austin 'Ten engine, ii. 154 
checking piston sizes, i . 51 1 
cutting, i. 512 
from base of block, i. 4S8, 
58^ 

from top of block, i. 508, 
584: 

in situ,” i. 507, 593 
methods, i. 499, 584 
removal of cuttings, i. 507 
sharpening cutter, i. 509 
sloping- head blocks, i. 599 
Rectifiers — 

commutating, iv. 33 
oxide -cathode, iv. 36 
Redwood viscometer, iv. 298 
Regulators, voltage and cur- 
rent, iv. 2, 180, 338,453 
Reinforcing — 
frame, iii. 305 
van framework, iii. 524 
Repairers’ lien, i. 51 
Repairs, legal position, i. 47 
Ridge removing from cylin- 
ders, ii. 155 

Riley, Girling brakes, i. 158 
Ring, piston — 
gap file, i. 77 
gapping, i. 68 
groove wear, i. 80 
measuring, i. 78 
scraper, i. 75 
testing, i. 73 
turning, i. 80 

Road spring, oscillation 
curve, iii. 3 
Road springs — 

assembly, of iii. 485 
calculations, iii. 474 
faults and causes, iii. 468 
temporary repair of, iii. 47 0 
use of wedges on, iii. 484 
Rover — 

clutcli, ii, 280 

engine, ii. 273 

biidiirg exhaust peak, i i. 27-1 

gearbox, ii. 291 

(Jirlmg brakes, i. 158 

“ I 00 .S 0 luib ” iranish; ift - 

timing, ii. 277 
rt'ar axles, iii. 432 
I'ear-axlti tooth markings, 

iii. 438 

removal of rockers, ii. 279 


Hover — Contd. 

synchromesh gearbox, ii. 
293 

Safety ring on overhead 
valve, i. 347 
Scale -buoys, iv. 240 
Scammell mechanical horse — 
buffer adjustment, iii. 408 
coupling gear, iii. 410 
rear axle, iii. 407 
removing hubs, hi. 405 
steering, iii. 403 
undercarriage, in. 411 
Scraper ring, positioning, i. 75 
Scrapoii scraper ring, i. 87 
Scuttle panel removal, iii. 415 
Self-adjusting track rod 
joints, i. 543 
Self-changing gearbox — 
i. 163 

Ranches ter, ii. 86 
Talbot, 1 187, 189 
Senacon air-operated lubri- 
cator, iv. 503 
Shackles, spring, in. 210 
Shock absorbers — 

Andre telecontrol, iii. 528 
Lucas, iii. 1 
Luvax, iii- 1 
Sif bronze welding, i. 473 
Silentbloc hushes, iii. 477 
Silentbloc hushes — 
fitting to spring eyes, ih.4 80 I 
removal, iii. 350 
spring shackle anchorages, i 
iii. 479 

tolerances, iii. 481 
Singer, Girling brake ad- 
justment, i. 161 
Smith’s hydraulic jacks, iv. 
465 

Smith thermostats, iv. 286 
Solder spray gnu, iii. 255 
Solenoid voltage control, iv. 
341 

Solex carbimettor, i. 17, 21 
Solex carbux'ettor— 

governor spring test, i. 27 
jet calibration, i. 23 
jet settings, i. 37 
porosity test, i. 25 
testing needle valve, i. 22 
thermo.statie eon trol, i. 194 
ty])e A.I.R., i. 29 
tvpe RAl and AlC, i. 2(» 
ty].es VA ; BF, i. 33 
Sjuirkiiig jihigs, iv. 507 
Sparking plugs — 

i it ting in aliuniiiium beads, 
iv'. 518 

Ibuliug by oil, iv. .510 
fouling by petrol, iv. 31 I 


S}.»a rkiiig }:diigs— Cu/i/cZ. 
gap position, iv. 517 
ga.s tightness of, iv. 515 
hot and cold, iv. 50S 
K.L.G., iv. 517 
overheating of, iv. 515 
pre -ignition of, iv. 5 ID 
selection of, iv. SOS 
spark gaps of, iv. 525 
teinperatui-e limit at plug 
point, iv. 512 
testing, iv. 514 
thread and body dimen- 
sions, iv. 514 
thread lengths, iv, 51G 
Specific gravity, iv. 43 
Speedometers, electric, iv. 
156 

Spiral bevel drive — 
adjustments, i. 550 
layout, i. 549 

Spiral -gear teeth adjustment, 
iii. 173 

Sprays gun for body' hlling, 
iii. 255 
Spring — 

eye -bush removing tool, iii. 
350 

eye, varieties, hi. 473 
road, oscillation curve, iii. 3 
shackles, iii, 2 ID 
steel, composition of, hi. 
471 

steel, hardening and tem- 
pering, iii. 471 
steel, stock sizes, iii. 470 
tester, Austin clutch, ii. 30 
Springs — 

assembling, iii. 473 
Fiat 500, iii. 357 
'■ S.S.”— 

brake compensation, iii. 63, 
93 

clutch, ii. 61 
cylinder head, ii. oS 
engine, ii. 56 
front axle, iii. 94 
gearbox, ii. 63 
Girling brake layout, i. 15U 
rear axle, iii, 93 
steering, iii. 95 
tappet block, ii. 59 
Standard cars — 
axle repairs, iii. 39 
Bislu-ip steering, iii. 46 
rliiteh, ii. 16 
Douglas steering, iii. 4.5 
tMigine, ii. I 
tan a.-^seiubly. ii . 11 
titting ircarljtjx pliniirvr.-^. ii. 

18 

tVi »ut axle, i ii. 4 2 
gearbox, ii. 18 



618 


INDEX rO VOLS. I— IV 


Standard cars — Contd. 
jet sizes, ii. 16 
main bearing, ii. 6 
propeller shaft, iii. 39 
rear axle, iii. 40 
synchromesh plunger, ii. 17 
tappet adjustment, ii. 4 
thermal lubrication, iii. 46 
timing, ii. 9 
Starter drives, iv. 312 
Starter drives — 

Bendix, iv. 315 
compression type (inboard 
and outboard), iv. 314 
Delco-Hemy, iv. 315 
Lucas rubber, iv. 316 
Starter gear ring — 
entry edge, i. 387 
fit of pinion, i. 388 
Starter ring tooth clearance, 
iv. 443 
Starters — 

C.A.Y., iv. 440 
clutch torque test, iv. 448 
Delco-Bemy, iv. 349 
torque test of, iv, 17 
Vaiudiall, iv. 166 
Starting carburettor, S.U. 

thermostatic, i. 228 
Steel bodies, repair of, iii. 228 
Steering — 

Alvis, iii. 120 
Austin Ten, i. 528 
Bishop, i. 128 
Burman -Douglas, i. 518 
cam and roller, i. 617 
Fiat 600, iii- 361 
Ford, iii. 75 
geometry, i. 533 
Gilford, iii. 224 
Guy, iii. 150 
joints, i. 542 
joints, adjustable, i, 545 
joints, effect of worn ball, 

i. 547 

j oints, rubber-cushioned 
track rod, i. 547 
Lanchester, iii. 60 
Maries adjustments, i. 518 
Maries -Weller, i. 524 
Morris Commercial, i. 529 
Packard, iii. 81 
Standard, iii. 46 
toe-in, i. 533 

track rod and wheel align- 
ment, i. 546 

trouble- tracing chart, i. 538 
Yauxhall, iii. 179 
Stelliting, iv. 152 
Straightening— - 

axle casings, i. 558; iii. 315 
hent axle shafts, i. 557 
Stromberg carburettors, i. 360 


S.U. carbui’ettor — 

checking idling mixture, i. 
221 

checking piston, i. 230 
details of, i. 218 
diagrammatic explanation, 

ii. 11 

general description, i. 217 
jet recentering, i. 231 
piston and jet assembly, i. 
219 

Petrolift, iv. 70 
petrol pump, iv. 69 
theory of, i. 11 
thermostatic starting 
carburettor, i. 228 
thermostatic starting car- 
burettor jet assembly, i. 
228 

Suction operated — 
fuel feed tanks, iv. 243 
windscreen wipers, iv. 493 
Switch diagrams — 

C.A.U., iv. 572 
Lucas, iv. 261 
Switches, iv. 259, 561 
Synchromesh gearbox — 
Austin Ten, ii. 20 
Austin ball jig, ii. 28 
Lanchester, ii. 87 
Bover, ii. 293 
Standard, ii. 17 
Systematic battery and star- 
ter testing, iv. 487 
Systematic fault diagnosis, 
iv. 304 

Systematic fault diagnosis, of 
distributor, iv. 323, 327 

Talbot preseleetive gearbox, 
i. 187 

slipping gears, i. 188 
Tapley brake-testing meter, 

iii. 489 

Tecalemib fuel pump, iv. 269 
Tecalemit fuel pumps — 
dismantling, iv. 273 
fuel supply tests, iv. 274 
Telegage— 

Hobson electric, iv. 65 
Hobson electric bi-metal, 

iv. 55 

Hobson liquid, iv. 60 
Temperature judging by 
colour, iii. 472 
Tempering oil, iii. 472 
Testing and tuning chart, iv. 
307 

Test stand for fuel pump, iv. 
68 

Thermal — ■ 

lubrication, Luvax Bijur, 
iii. 214 


riierinal — Gontd. 
lubrication on Standard, 
iii. 46 

voltage control, iv. 342 
rhermionic-valve rectifier, iv. 
35 

Thermostarter carburettor, 
Solex, i. 30 
Thermostat — 

conical shutter type, iv. 289 
drop-in type, iv. 289 
hose-fitting type, iv. 290 
on Vauxhall Fourteen, ii. 
490 

Smith’s, iv. 286 
thermo-syphon type, iv. 
288 

Thermo static — 

carburettor control, i. 331 
starting carburettor SU, i. 
228 

Thermo -syphon, type thermo- 
stat, iv. 288 
Thornycroft Sturdy — 
brake adjustment, iii. 583 
chassis, iii. 589 
front axle, iii. 584 
front- axle stops, iii. 589 
fuel system, iii. 691 
propeller shaft, iii. 581 
rear axle, iii. 581 
road springs, iii. 591 
steering gear, iii. 587 
tyres, iii. 590 
vacuum servo, iii. 585 
wheels, iii. 599 
Thornycroft TC/4 — 

adjusting tappets, ii. 543 
clutch, ii. 555, 557 
cooling system, ii. 550 
cylinder head, ii. 543 
dismantling gearbox, ii. 
557 

distributor, ii. 548 
engine, ii, 541 
engine lubrication, ii. 551 
fan- and water-pump, ii. 55 2 
gearbox and change-speed 
gear, ii. 556 
ignition -timing, ii. 549 
oil pump, ii. 552 
oil specification, ii. 555 
pistons and connecting 
rods, ii. 550 
power unit, ii. 541 
removing engine, ii. 559 
timing chain adjustment, 
ii. 545 

timing mark.s, ii. 545 
valve -timing, ii. 544 
Hillings -Stevens — 
brakes, iii. 90 
carburettor setting, ii. 12- 
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Tilliiigs -Stevens— 
clutch, ii. 124 
cylinder block, ii. 120 
engine, ii. 113 
gearbox, ii. 127 
propeller, iii. 85 
rear axle, iii. 85 
rear hubs, iii. 86 
steering, iii. 87 
timing, ii. 115 
water -piomp, ii. 119 
Timing — 

A.E.C. oil-engines, ii. 453 
A -E.C. petrol engine, ii. 494 
case, Oilford-Hera, ii. 231 
chart, Hillman Minx, ii. 357 
Daimler 15, ii. 407 
engine, Alvis, ii. 100 
equipment, engine, iv. 215 
gear on Triumph, ii. 166 
gear removal, Alvis, ii. 97 
Gilford, ii. 230 
Guy, ii. 133 

Hudson and Terraplane, ii. 
393 

Jowett, ii. 306 
Xanchester -14 h.p., ii. 78 
Ley land oil-engine, ii. 537 
mark, Lanchester 1 2 -h. .p . 

(Light Six), ii. 80 
marks on Lanchester Four- 
teen, ii. 69 

marks on Lanchester 
Twelve, ii. 80 
Morris Eight, ii. 462 
Morris Ten, ii. 569 
Standard, ii. 9 
Thornycroft TC/4, ii. 541 
Tillings -Stevens, ii. 115 
tool, for Triumph, ii. 174 
Triumph, ii. 167 
Tauxhall 10 and 12 h.p., ii, 
252 

Yauxhall Fourteen, ii. 482 
wheel alignment, ii. 330 
Toe-in, i. 533 
Toe-out on curves, i. 534 
Tolerances in frame repairs, 
iii. 307 

Tools, body repair, iii. 236 
Torque — - 

rod on Humber, iii. ICO 
test equipment, iv. 357 
test on starters, iv. 17,357 
tu])e, on Ford, iii. 73 
Track -rod adjustment, Huin- 
bej;, iii. 98 
Trafficators, iv. 105 

wiring diagrams, iv. 105 
Transmission — 

brakes on Fiat 500, iii. 364 
Gilford, iii. 227 
overdrive, Graham, ii. 316 


Trico windscreen wiper, iv. 
494 

Triumph — 

body removal, iii. 444 
carburettor settings, ii. 1 83 
damper, ii. 168 
dismantling synchromesh 
gearboxes, ii. 475 
distributor end-play ad- 
justment, ii. 164 
engines, ii. 161 
fitting camshaft wheel, ii. 
166 

free-wheel clutch drum, ii. 
476 

front axle, iii. 442 
oil filter, ii. 161 
oil -pump removal, ii. 171 
oil -release valve, ii. 162 
petrol -pump adapter, ii . 
165 

Triumph Gloria — 

adjusting free-wheel cable, 
ii. 477 

clutch, ii. 468 
clutch pedal adjustment, ii. 
469 

engine, ii. 175 
free-wheel mechanism, ii - 
471 

gearbox, ii, 479 
gear control, ii. 475 
rattle in control gear, ii.477 
restrictor valve, ii. 177 
rocker oil-feed pipe, ii. 1 72 
six-cylinder, water-pump, 
ii. 180 

sliding-roof removal, iii. 447 
swivel -pin removal, iii. 442 
thrust bearing clearance, ii, 
170 

water -pump, ii. 176 
Tiingar valvm charger, iv. 37 
T'urn.ing piston-ring grooves, 
i. 80 

X'uming pistons, jig for, i. 78 

Universal joints — 
Hardy-Spicer. i. 142 
Layrub, i. 429 

Vacuum — 

and solenoid relay starter 
control, iv. 353 
brakes, Cl avion -De wand re , 
i. 284 

carburettor control, iv. 
332, 361 

control, distributor, iv. 413 
fuel feed, iv. 243 
ignition control, iv. 257 
operated carburettor, 
theory of, i. 14 


Viicximii- Cvu td. 

relay starter control, iv. 35 1 
switch, Delco-JRemv, iv. 
353, 360 

switch on manifold, iv. 360 
Vacuum gauge — 

detecting faults with, iv. 
232 

engine tuning, ii. 581, iv. 
217 

fitting to engine, iv. 225 
readings, iv. 229, 305 
toting, ii 581 ; iv. 221, 395 
use of, ii. 581 ; iv. 221, 
305 
V alve — 

grinding, i. 348 
grinding, pneumatic, i. 362 
guide removal, i. 353 
inserts on Austin, ii. 149 
refacing tool, i. 352 
remov^, Alvis, ii. 94 
Valve seat — ■ 

building up, i. 469 
checking concentricity, i. 
359 

cutter, i. 354 
grinding, i. 355 
grinding machine, i. 355 
grinding machine, tmeirig 
with diamond, i. 357 
inserts, fitting, i. 389 
inserts, machining recess, i. 
390 

inserts, setting cutter, i. 
389 

inserts, t\q)es of, i. 391 
Valve-spring tester, i. 366 
Valves, machine grinding, i. 
349 

Variable -speed coil testing, 
iv. 216 
Vauxhall — ■ 

rear- axle oil seal, i. 464 
rear springs, iii. 175 
spiral -teeth adjustment, iii. 

173 

Vauxhall, differential side- 
bearing adjustment, iii. 

174 

Vauxhall Fourteen — 
camshaft details, ii. 485 
carburettor setting, ii. 4S9 
clutch, ii. 4S9 
eranksliaft and bear inns, ii. 
487 

engine removal, ii. 4S7 
iiiiiependent suspension, 
iii. 570 

piston diineiisions, ii. 4 S3 
radiatur urui front -wing 
assembly, iii. 567 
radiator test tank, ii. 489 
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Y auxhall Fourteen — Contd. 
rear axle, iii. 573 
section of engine, ii. 480 
thermostat, ii. 490 
timing, ii. 482 
vibration damper, ii. 4S4 
Vauxhall Light Six, 12, and 
14 h.p.-— 
brakes, iii. 180 
carburettor settings, ii. 270 
connecting rods and pis- 
tons, ii. 266 

distributor attacliment to 
crankcase, iv. 175 
dynamo adjustment, iv. 
170 

gearbox, ii. 270 
main bearings, ii. 268 
rear axle, iii. 176 
valve clearances, ii. 265 
wiring diagram, iv. 172 
Yauxhall 10 — 
carburettor settings, ii. 254 
sparking plugs, iv. 166 
Vauxhall 10 and 12 h.p. — 
camshaft bearing removal, 
ii. 250 

comiecting-rod details, ii. 
246 

crankshaft, ii. 251 
electrical system, iv. 101 
engine, ii. 241 
flywheel ring gear, ii. 251 
flywheel timing template, 
ii. 253 

front plate, ii. 259 
gearbox i*emoval, ii. 254 
independent suspension, iii, 
62, 572 

lamp alignment, iv, 169 
oihpressui'e warning device, 
ii. 241 

oil -pump details, ii. 242 
piston fit test, ii. 257 
piston rings, ii. 247 
radiator and front- wing 
assembly, iii. 567 
rear axle, iii. 170 
rotor position, iv, 167 
starter drive, iv. 165 
steering, iii. 179 
sub -frame removal, iii. 570 
timer, iv. 1 75 
valv^e details, ii. 244 
vaK'e rockers, ii, 245 
voltage regulator, iv. 1()2 
water -pump, ii. 266 
wiring diagrams, iv, 172 


V auxhall 25 h .p . — 
carburettor settings, ii. 259 
cylinder head, ii. 258 
electrical system, iv. 177 
gearbox, ii. 261 
Maries steering, i. 525 
piston and rings, ii. 257 
rear axle, iii. 181 
rear-axle oil seal, i. 464 
water-pump, ii, 260 
wiring diagrams, iv. 176 
Vehicle brake testing, iii. 487 
Vibration dampers, ii. 309 
Viscometer, Redwood, iv. 298 
Voltage control- 

bi-metal action, iv. 342 
diagram, iv. 339 
Voltage controllers, iv. 1 
Voltage controllers, Delco- 
Remy, iv. 181, 193 
Volume control on Zenith 
carburettor, i. 99 

Wakefield lubricating plant, 
iv. 602 

Washing cars, iv. 247 
Water-pump — 

A.E.C., ii. 421, 422, 431 
Dermis, ii. 345 
Gilford -Hera, ii. 237 
Guy, ii. 135 
Lanchester, ii. 7 0 
Ley land four- cylinder en- 
gine, ii. 522 

Leyland Light Six, ii. 525 
Rover, ii. 287 
Thornyeroffc TC/4, ii. 552 
Tdlings-Stevens, ii. 119 
Vauxhall, ii. 260, 265 
Welding — 

building up w’oiui parts bv, 
iv. 145 

cast iron, i. 466 
crankshafts, i. 415 
cylinder blocks, i, 473 
manifold flange, i. 470 
oxy-acetylene, iii. 230 ; iv. 
146 

panels, iii. 230, 245 
preheating, i. 469 
setting up cylinder block, 
i. 468 

valve seats, i. 469 
with Sif bronze, i. 473 
Welhvorthy piston rings, i. 83 
Welhvorthy piston rings— 


Wheel — 

alignment, cheeking, iii. 291 
centres, checking, iii. 289 
cylinder, Lockheed, i. 240 
Wilson — 

epicyclic gearbox, i, 163 
Wilson gearbox — 
dismantling, i. 175 
locking-bar pegs, i. 184 
operatin|j-rod position, i. 186 
pump, i. 179 * 
reverse gear, i. 185 
side-operating shaft, i. 182 
Window regulators, iii, 270 
Window removal, iii. 270 
Windscreen — 

Alvis, iii. 124 

opening, squaring up, iii. 
243 . 

wipers, iv. 136 
Wings — 

removing dents from, iii. 33 
repair of, iii. 35, 196 
Wiring diagrams — 

Ford, iv. 22 
Hudson 1938, iv. 391 
Hudson 16-9 (1939), iv. 388 
Hudson Six (1939), iv. 389 
Hudson and Terraplane 
(1938),^ iv. 390 
Morris Eight, Series E, iv. 
533 

Morris Ten, Series M, iv. 
634 

reading, iv. 81 
trafficator, iv. 107 
Yauxhall 25 h.p. iv. 176 
Yauxhall 12 and 14 h.p., 
iv. 172 

Yauxhall Light Six, iv. 174 
Worin*gear differential mo un- 
tings, i. 566 
AYoim wheel- 
adjustments, i. 49 
assemblies, i. 569 
wear, i. 570 

Zenith carburettor — • 

diagrammatic sketch, i. 15 
jet settings of Standard 
cars, i. 104' 

on Yauxhall cars, ii. 254 
on Yauxhall Fourteen, ii, 
489 

servicing, i. 92 
theory of, i. 15 
Ziin piston-ring rorn^vor, i. 




